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(54) Printing method, printing apparatus, and recording medium 



(57) In a printing apparatus that enables at least 
three different types of dots to be created in different ink 
weights by at least two different inks having an identical 
hue but different densities, the halftone processing is 
carried out in an appropriate sequence and according to 
an appropriate technique, which are determined by tak- 
ing into account both the dispersibility of dots and the 
processing speed. The method of the present invention 
determines the on-off state of six different types of dots, 
which have different ink densities and ink weights, in the 
sequence of the large deep dot, the medium deep dot, 
the small deep dot, the large light dot, the medium light 
dot, and the small light dot. The dots created by an iden- 
tical ink are subjected to the determination for the on-off 
state in a consecutive manner. A dither method that uti- 
lizes the recording ratio set for each type of dot accord- 
ing to the tone data is adopted in the determination for 
the on-off state of the dot. The method determines the 
on-off state of a target dot, based on a corrected record- 
ing ratio. The corrected recording ratio is obtained by 
adding the recording ratios of all the dots previously 
subjected to the determination for the on-off state to the 
recording ratio of the target dot. 
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Description 

[0001] The present invention relates to a printing 
method, which creates at least three different types of 
dots and thereby enables printing of a multi-tone image, 
as well as a printing apparatus to actualize the printing 
method. The invention also pertains to a recording 
medium on which a program for actualizing the printing 
method is recorded. 

[0002] An ink jet printer proposed as an output appa- 
ratus of the computer creates dots with inks of different 
colors spouted from a plurality of nozzles mounted on a 
head and thereby records a multi-color image. The ink 
jet printer has widely been used to print an image proc- 
essed by the computer in a multi-color, multi-tone man- 
ner. In this printer, each pixel typically has only two 
tones, that is, the dot-on state and the dot-off state. An 
image is accordingly printed after the halftone process- 
ing, which is the image processing performed to enable 
the tone of the original image data to be expressed by 
the dispersibility of dots. 

[0003] In order to enrich the tone expression, the 
recently proposed ink jet printer is a multi-valuing printer 
that enables the tone expression of each pixel in three 
or a greater number of values. One example of the 
multi-valuing printer varies the dot diameter and the ink 
density and thus enables three or a greater number of 
different densities for each dot. Another example of the 
multi-valuing printer creates a plurality of dots in each 
pixel in an overlapping manner to enable the multi-tone 
expression. In these printers, the halftone processing is 
required since the tone of the original image data can 
not be expressed sufficiently in each pixel unit. 
[0004] Typical methods applicable for the halftone 
processing include the dither method and the error dif- 
fusion method. The dither method determines the on-off 
state of the respective dots based on the results of the 
comparison between a threshold value corresponding 
to each pixel read from a dither matrix and the tone 
value of the image data. The error diffusion method dif- 
fuses a density error arising due to the determination for 
the on-off state of the dot with respect to a certain pixel 
into peripheral pixels and corrects the tone data of these 
peripheral pixels. The error diffusion method then deter- 
mines the on-off state of the respective dots based on 
the results of the comparison between the corrected 
tone data and a predetermined threshold value. The 
advantage of the dither method is the high-speed 
processing, whereas the advantage of the error diffu- 
sion method is the excellent picture quality. 
[0005] In the multi-valuing printer that enables tone 
expression in three or a greater number of values, a plu- 
rality of different types of dots can be created for an 
identical hue. The halftone processing generally deter- 
mines the on-off state of the respective dots individually. 
In order to enable the smooth expression of multiple 
tones and realize the printing of high picture quality, it is 
desirable to prevent the dots of the identical hue from 



being created in the same pixel in an overlapping man- 
ner. The technique of halftone processing that takes into 
account this point is, for example, described in JAPA- 
NESE PATENT LAID-OPEN GAZETTE No. 10-157167. 
5 [0006] The proposed technique of halftone processing 
adopts the dither method in the following manner to 
determine the on-off state of the deep dot having a 
higher density and the light dot having a lower density. A 
recording ratio of the deep dot and a recording ratio of 
10 the light dot corresponding to the tone data of each pixel 
are read from a table provided in advance. The determi- 
nation for the on-off state is carried out in the sequence 
of the deep dot and the light dot, based on the result of 
the comparison between a threshold value read from an 
is identical dither matrix and the recording ratio. The result 
of the comparison between the threshold value and the 
sum of the recording ratio of the deep dot and the 
recording ratio of the light dot is used in the determina- 
tion for the on-off state of the light dot. The light dot is 
20 set in the off state in the pixel where the deep dot has 
been set in the on state. This technique enables the 
deep dot and the light dot to be recorded in different pix- 
els while maintaining the required recording ratios of the 
deep dot and the light dot. 
25 [0007] There has been, however, little consideration 
on the sequence of making the dots subjected to the 
determination for the on-off state and the selection of 
the adequate method for the halftone processing in the 
multi-valuing printer that is provided with at least two 
30 inks having an identical hue but different densities and 
enables at least two different types of dots having differ- 
ent ink weights to be created. One example of the multi- 
valuing printer is provided with two inks of different den- 
sities, that is, the deep ink and the light ink, and enables 
35 at least two different types of dots having different ink 
weights to be created by each ink. 
[0008] In order to realize the printing of high picture 
quality, it is desirable to create the dots of the identical 
hue in a sufficiently dispersing manner. The dots of the 
40 identical hue, however, often require different dispersi- 
bilities. The dots created by the inks of different densi- 
ties are generally formed by separate heads. Creation 
of these dots in an identical pixel thus does not signifi- 
cantly affect the printing speed. Creation of the dots 
45 having different ink weights by an identical ink in an 
identical pixel, on the other hand, requires the head to 
be driven twice or more times for the same pixel, 
thereby significantly lowering the printing speed. The 
requirement for the sufficient dispersibility of the dots is 
so thus especially high for the dots created by the identical 
ink. 

[0009] An increase in number of different dots sub- 
jected to the determination for the on-off state in each 
pixel results in the longer time required for the halftone 
55 processing. Application of the dither method for the half- 
tone processing does not ensure the high picture qual- 
ity, while enabling the high-speed processing. The 
primary object of the multivaluing printer enriches the 
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tone expression and realizes the printing of high picture 
quality. The deterioration of the picture quality is thus 
not a negligible problem in the multi-valuing printer. 
Application of the error diffusion process for the halftone 
processing ensures the sufficient picture quality, but 5 
undesirably lengthens the time required for the process- 
ing. 

[0010] There has been no proposed technique that 
selectively applies the adequate method for the halftone 
processing of the respective dots created by the multi- 10 
valuing printer and specifies the sequence of making 
the respective dots subjected to the halftone process- 
ing, by taking into account these advantages and disad- 
vantages. The problems discussed above arise not only 
in the printers but in a variety of printing apparatuses is 
that can express the density of each pixel in three or a 
greater number of values by the inks of different densi- 
ties and the dots having different ink weights. 

SUMMARY OF THE INVENTION 20 

[001 1 ] The object of the present invention is thus to 
provide a technique that determines the on-off state of 
the respective dots in an adequate sequence and ena- 
bles the printing of high picture quality in the multi-valu- 25 
ing printer that is provided with at least two inks having 
an identical hue but different densities and enables at 
least two different types of dots having different ink 
weights to be created by at least one ink among the at 
least two inks. 30 
[001 2] At least part of the above and the other related 
objects is realized by a first method of printing a multi- 
tone image as a distribution of dots created with a head 
wherein the head is provided with at least two different 
inks that have an identical hue but different densities 35 
and enables at least three different types of dots, which 
include at least two different types of dots that have dif- 
ferent ink weights and are created by at least one ink 
among the at least two different inks, to be created on a 
printing medium. The first method includes the steps of: 40 
(a) inputting tone data of an image to be printed; (b) 
successively determining on-off state of the at least 
three different types of dots with respect to each pixel in 
a preset sequence, the preset sequence including a 
specific order of ink weight in which the at least two dif- 45 
ferent types of dots created by the identical ink are con- 
secutively subjected to the determination for the on-off 
state; and (c) driving the head based on results of the 
determination carried out in the step (b), so as to create 
the respective types of dots. so 
[0013] The step (b) includes the steps of: (b1) setting 
a recording ratio regarding each of the at least three dif- 
ferent types of dots, based on the tone data; (b2) com- 
paring the recording ratio set in the step (b1) for a 
specific dot, which is a first object of the determination, ss 
with a threshold value read from a dither matrix that has 
been provided in advance and determining oh-off state 
of the specific dot based on a result of the comparison; 



and (b3) comparing a corrected recording ratio with the 
threshold value and determining on-off state of another 
dot, which is a second or subsequent object of the 
determination, based on a result of the comparison with 
respect to pixels in which all the dots previously sub- 
jected to the determination for the on-off state are set in 
the off state, the corrected recording ratio being 
obtained by correcting the recording ratio set in the step 
(bl) for the another dot with the recording ratios of all 
the dots previously subjected to the determination for 
the on-off state. 

[0014] In the first method of the present invention, the 
step (b), which includes the steps (bl) through (b3), 
determines the on-off state of the respective dots 
according to the input tone data, while effectively pre- 
venting different types of dots from being created in an 
identical pixel in an overlapping manner. In one exam- 
ple, a dot is set in the on state when the recording ratio 
is greater than the threshold value stored in the dither 
matrix. With respect to the specific dot, which is a first 
target subjected to the determination for the on-off 
state, the dot is set in the on state in the pixels having 
relatively small threshold values read from the dither 
matrix corresponding to the recording ratio. The method 
determines the on-off state of another dot, which is a 
second target of the determination, in the pixels where 
the specific dot is in the off state. The pixels where the 
specific dot or the first target of the determination are in 
the off state have relatively large threshold values read 
from the dither matrix. If the on-off state of the second 
target dot is determined only according to the recording 
ratio of the second target dot, the probability of the on 
state of the second target dot is unjustifiably lowered. 
The step (b3) accordingly compares the sum of the 
recording ratio of the second target dot and the record- 
ing ratio of the first target dot with the threshold value. 
This prevents the unjustifiably high probability of non- 
creation of the second target dot and ensures a desired 
recording ratio. This arrangement determines the on-off 
state of the second target dot, while effectively prevent- 
ing the second target dot from being created in an over- 
lapping manner in the pixel where the first target dot 
already exists. This processing is executed for third and 
subsequent target dots. 

[0015] In the step (b3), the method applied to make 
the recording ratios of all the dots previously subjected 
to the determination for the on-off state reflect on the 
recording ratio of a target dot currently processed 
depends upon when the dot is set in the on state, that is, 
when the recording ratio is greater than the threshold 
value or when the recording ratio is smaller than the 
threshold value. In the case where the dot is set in the 
on state when the recording ratio is greater than the 
threshold value, the recording ratios of all the dots pre- 
viously subjected to the determination for the on-off 
state are added to the recording ratio of the target dot 
currently processed. In the case where the dot is set in 
the on state when the recording ratio is smaller than the 
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threshold value, on the other hand, the recording ratios 
of all the dots previously subjected to the determination 
for the on-off state are subtracted from the recording 
ratio of the target dot currently processed. 
[0016] The steps (b1) through (b3) are carried out s 
independently of the type of ink. By way of example, it is 
assumed that four different types of dots are created by 
using two inks of different weights, that is, the deep ink 
and the light ink, in two different ink weights, that is, the 
large dot and the small dot. The determination for the 10 
on-off state is carried out in the sequence of the large 
dot by the deep ink', the small dot by the deep ink', 'the 
large dot by the light ink', and 'the small dot by the light 
ink'. According to the first method of the present inven- 
tion, for example, the on-off state of the large dot by the is 
light ink is determined by taking into account the record- 
ing ratios of the previously processed dots, that is, the 
large dot by the deep ink and the small dot by the deep 
ink. In this manner, the on-off state of the target dot is 
determined by taking into account the recording ratios 20 
of the previously processed dots, whether or not the 
type of the ink is identical. This arrangement effectively 
prevents the dots created by the inks of different densi- 
ties from being created in an identical pixel in an over- 
lapping manner. 2 s 
[001 7] In the first method of the present invention, the 
step (b) successively determines the on-off state of the 
respective dots in a preset sequence. In this case, the 
dots created by the identical ink are consecutively sub- 
jected to the determination for the on-off state in the 30 
order of ink weight. The four different types of dots are, 
for example, subjected to the determination for the on- 
off state in the sequence specified above. The determi- 
nation may, however, be carried out in a different 
sequence, that is, in the sequence of 'the large dot by 35 
the light ink', 'the small dot by the light ink', 'the large dot 
by the deep ink', and 'the small dot by the deep ink'. The 
sequence is independent of the density expressed per 
unit area by each dot. The process of consecutively 
determining the on-off state of the dots created by the 40 
identical ink has the significant advantage, that is, the 
easy regulation of the dot creation even in the case 
where the dots should be created in an overlapping 
manner. 

[001 8] A variety of settings are possible for the record- 45 
ing ratios of the dots. The total of the recording ratios of 
the dots may exceed 100%. When the total recording 
ratio exceeds 100%, the dots of an identical hue are 
created in the same pixel in an overlapping manner. The 
dot-forming elements are provided separately for the so 
dots that have the identical hue but are created by the 
inks of different densities. Creating these dots in an 
overlapping manner thus does not significantly affect 
the printing speed. When the dots by the identical ink 
are created in the same pixel in an overlapping manner, 55 
on the other hand, the same dot-forming element is 
driven twice or more for one identical pixel. This unde- 
sirably lowers the printing speed. The first method of the 



present invention consecutively determines the on-off 
state of the dots created by the identical ink. This 
ensures the easy regulation of these dots. Even when 
dots should be created in some pixels in an overlapping 
manner, the arrangement of the first method reduces 
the possibility of creating the dots by the identical ink in 
an overlapping manner and thereby prevents the print- 
ing speed from being significantly lowered. 
[001 9] In the step (b), the on-off state of the dots may 
be determined in an arbitrary sequence, as long as the 
dots created by the identical ink are consecutively sub- 
jected to the determination for the on-off state. One pos- 
sible modification carries out the determination for the 
on-off state of the dots created by the lower-density ink 
before the determination for the on-off state of the dots 
created by the higher-density ink. The dots created by 
the identical ink may be subjected to the determination 
for the on-off state in a descending order of the ink 
weight or in an ascending order of the ink weight, or irre- 
spective of the ink weight. 

[0020] The sequence of the determination for the on- 
off state of the dot is not fixed but may be set adequately 
as discussed above. In the first method of the present 
invention, for example, it is preferable that the step (b) 
successively determines the on-off state of the at least 
three different types of dots in a descending order of ink 
density. 

[0021 ] In general, the dots created by the high<iensity 
ink are readily recognized with eyes. The sufficient dis- 
persibility of these dots is thus desired to ensure the 
high picture quality. The determination for the on-off 
state in the above sequence enables the dots created 
by the higher-density ink to have the higher degree of 
freedom in the determination for the on-off state. This 
arrangement ensures the sufficient dispersibility of the 
dots and thus improves the picture quality. 
[0022] In accordance with one preferable application 
of the first method, the head enables creation of at least 
four different types of dots, which include dots formed in 
at least two different ink weights respectively by a deep 
ink having a higher ink density and a light ink having a 
lower ink density. In this structure, the step (b) first 
determines the on-off state of the dots created by the 
deep ink in a descending order of ink weight and subse- 
quently determines the on-off state of the dots created 
by the light ink in a descending order of ink weight. The 
first method of the present invention is, however, natu- 
rally not restricted to this application. 
[0023] The present invention is also directed to a sec- 
ond method of printing a multi-tone image as a distribu- 
tion of dots created with a head, wherein the head is 
provided with at least two different inks that have an 
identical hue but different densities and enables at least 
three different types of dots, which include at least two 
different types of dots that have different ink weights and 
are created by at least one identical ink among the at 
least two different inks, to be created on a printing 
medium. The second method includes the steps of: (a) 
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inputting tone data of an image to be printed; (b) divid- 
ing the at least three different types of dots according to 
a preset classification into a plurality of different types of 
dots having higher density evaluation values and at 
least one type of dot having a lower density evaluation 
value; (c) successively determining on-off state of the 
plurality of different types of dots having the higher den- 
sity evaluation values with respect to each pixel in a pre- 
set sequence, the preset sequence including a specific 
order of ink weight in which the at least two different 
types of dots created by the identical ink are consecu- 
tively subjected to the determination for the on-off state; 
(d) determining on-off state of the at least one type of 
dot having the lower density evaluation value by an error 
diffusion method based on correction data, the correc- 
tion data being obtained by correcting the tone data with 
density errors occurring due to the on-off state of the 
plurality of dots having the higher density evaluation val- 
ues; and (e) driving the head based on results of the 
determinations carried out in the step (c) and the step 
(d). so as to create the respective types of dots. 
[0024] The step (c) includes the steps of: (c1) setting 
a recording ratio regarding each of the plurality of differ- 
ent types of dots having the higher density evaluation 
values, based on the tone data; (c2) comparing the 
recording ratio set in the step (c1) for a specific dot. 
which is a first object of the determination, with a thresh- 
old value read from a dither matrix that has been pro- 
vided in advance and determining on-off state of the 
specific dot based on a result of the comparison; and 
(c3) comparing a corrected recording ratio with the 
threshold value and determining on-off state of another 
dot, which is a second or subsequent object of the 
determination, based on a result of the comparison with 
respect to pixels in which all the dots previously sub- 
jected to the determination for the on-off state are set in 
the off state, the corrected recording ratio being 
obtained by correcting the recording ratio set in the step 
(d) for the another dot with the recording ratios of all 
the dots previously subjected to the determination for 
the on-off state. 

[0025] The second method of the present invention 
divides the dots into two groups according to the density 
evaluation value. The density evaluation value repre- 
sents the density expressible of the dot per unit area. 
The second method applies the different methods of 
determination to the dots having the lower density eval- 
uation values and the dots having the higher density 
evaluation values. The error diffusion- method is 
adopted in the determination for the on-off state of the 
dots having the lower density evaluation values, 
whereas the dither method is adopted in the determina- 
tion tor the on-off state of the dots having the higher 
density evaluation values. As discussed previously in 
the first method of the present invention, the determina- 
tion for the on-off state by the dither method in the step 
(b) ensures the dispersibility of the dots having the iden- 
tical hue. 



[0026] When the dither method is adopted in the 
determination for the on-off state of the dot, there may 
be a relatively large local error occurring as the differ- 
ence between the density expressed according to the 

5 result of the determination and the density to be 
expressed according to the tone data. Application of the 
error diffusion method to the determination for the on-off 
state of the dot effectively reduces the local error. The 
second method of the present invention, the error diffu- 

10 ston method that takes advantage of the density errors 
arising due to the on-off state of the other dots is 
adopted in the determination for the on-off state of the 
dot having the lower density evaluation value. This 
arrangement effectively reduces the local density error 

75 and thus enables the printing of high picture quality. 
[0027] An arbitrary number of dots having the lower 
density evaluation values may be selected as the dot 
having the lower density evaluation value in the second 
method among the at least three different types of dots 

20 created by the head. It is, however, necessary to cause 
a plurality of dots having the higher density evaluation 
values to be processed by the dither method. The dots 
having the lower density evaluation values are not 
restricted to the dots created by the identical ink. 

25 [0028] For example, the at least one type of dot having 
the lower density evaluation value may be a dot having 
a lowest density evaluation value among the at least 
three different types of dots created with the head. 
[0029] The disadvantage of the error diffusion method 

30 is a long processing time. The second method of the 
present invention adopts the error diffusion method only 
to the dot having the lowest density evaluation value. 
This arrangement thus does not significantly increase 
the processing time while realizing the printing of high 

35 picture quality. The dot having the lowest density evalu- 
ation value is generally conspicuous with eyes. Applica- 
tion of the error diffusion method to this dot 
advantageously cancels the local density error without 
making the dot conspicuous. 

40 [0030] Like the first method discussed above, the sec- 
ond method of the present invention carries out the 
determination for the on-off state of a target dot accord- 
ing to the dither method, by taking into account the 
recording ratios of all the dots previously subjected to 

45 the determination for the on-off state, whether or not the 
respective dots are created by the identical ink. In 
accordance with one preferable application of the sec- 
ond method, the step (c) accordingly carries out the 
determination for the on-off state of the respective dots 

so with a single dither matrix, whether or not the respective 
dots are created by the identical ink. In another exam- 
ple, the recording ratios of the dots created by the iden- 
tical ink and previously subjected to the determination 
for the on-off state may be made to reflect on the record- 

55 ing ratio of the currently processed target pixel. It is here 
desirable that different dither matrixes are used for dif- 
ferent inks, in order to ensure the sufficient dispersibility 
of the dots created by the different inks. It is possible to 
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provide completely different dither matrixes for the 
respective inks, but the following application is more 
practical and preferable. 

[0031] In accordance with one preferable application 
of the second method, the step (c) further includes the 5 
step of: (cO) providing a new dither matrix, which 
includes threshold values in a different arrangement 
specified for each of the at least two different inks, from 
a dither matrix stored in advance. The step (c) accord- 
ingly performs the step (c2) and the step (c3) to carry 10 
out the determination for the on-off state with the dither 
matrix corresponding to each of the at least two different 
inks, with respect to each dot created by the ink. 
[0032] The method of this structure enables a dither 
matrix corresponding to each ink to be newly prepared is 
from the dither matrix that has been stored in advance. 
This arrangement desirably saves the required capacity 
of the memory for storing the dither matrixes. The prep- 
aration of the dither matrix corresponding to each ink 
may be implemented by changing the mapping of the 20 
dither matrix to the pixels for each ink. It is not neces- 
sary to store the newly prepared dither matrix in the 
memory, before the dither matrix is used in the determi- 
nation for the on-off state of the dot. 

[0033] The above application causes the recording 25 
ratios of the dots created by the identical ink and previ- 
ously subjected to the determination for the on-off state 
to be reflected separately on the recording ratio of the 
currently processed target pixel and exerts the following 
effects. In the structure that makes the recording ratios 30 
of all the dots previously processed reflect on the 
recording ratio of the target pixel, when the total of the 
recording ratios of the dots exceeds 100%, the process 
of determining the on-off state of the dot may become 
undesirably complicated. The structure that makes the 35 
recording ratios of the dots created by the identical ink 
and processed previously reflect on the recording ratio 
of the target pixel, on the other hand, effectively pre- 
vents the dots by the identical ink from being created in 
an identical pixel in an overlapping manner, whereas 40 
allowing the dots by the different inks to be created in an 
identical pixel in an overlapping manner. The latter 
structure enables the parallel determination for the on- 
off state of the dots for the respective inks, thereby 
ensuring the higher-speed processing. This arrange- 45 
ment also ensures the easy regulation of the recording 
ratios of the dots created by the identical ink, thereby 
enabling the amount of ink spout to be controlled by the 
simple procedure. 

[0034] The second method of the present invention is so 
applicable to the printing apparatus that can create dots 
in a variety of ink weights with inks of varies densities. In 
accordance with one concrete application of the second 
method, for example, the head enables creation of at 
least four different types of dots, which include dots 55 
formed in at least two different ink weights respectively 
by a deep ink having a higher ink density and a light ink 
having a lower ink density. The at least one type of dot 



having the lower density evaluation value is a dot that 
has a lowest density evaluation value and is created by 
the light ink. In this structure, the step (c) excludes the 
dot that has the lowest density evaluation value and is 
created by the light ink, first determines the on-off state 
of the dots created by the deep ink in a descending 
order of ink weight, and subsequently determines the 
on-off state of the dots created by the light ink in a 
descending order of ink weight. The second method is, 
however, naturally not restricted to this concrete appli- 
cation. 

[0035] The present invention is further directed to a 
first printing apparatus that enables a multi-tone image 
to be printed as a distribution of dots created with a 
head, wherein the head is provided with at least two dif- 
ferent inks that have an identical hue but different densi- 
ties and enables at least three different types of dots, 
which include at least two different types of dots that 
have different ink weights and are created by at least 
one ink among the at least two different inks, to be cre- 
ated on a printing medium. The first printing apparatus 
includes: an input unit that inputs tone data of an image 
to be printed; a dither determination unit that succes- 
sively determines on-off state of the at least three differ- 
ent types of dots with respect to each pixel in a preset 
sequence, the preset sequence including a specific 
order of ink weight in which the at least two different 
types of dots created by the identical ink are consecu- 
tively subjected to the determination for the on-off state; 
and a dot creation unit that drives the head based on 
results of the determination carried out by the dither 
determination unit, so as to create the respective types 
of dots. 

[0036] The dither determination unit includes: a mem- 
ory unit in which a relationship between tone data and a 
recording ratio regarding each of the at least three dif- 
ferent types of dots is stored; a setting unit that refers to 
the memory unit and sets the recording ratio of each of 
the at least three different types of dots corresponding 
to the input tone data; and a dot creation determination 
unit that compares a corrected recording ratio of a tar- 
get dot with a threshold value stored in a dither matrix 
that has been provided in advance, the corrected 
recording ratio being obtained by correcting the record- 
ing ratio of the target dot set by the setting unit with the 
recording ratios of all the dots previously subjected to 
the determination for the on-off state, the dot creation 
determination unit then determining on-off state of the 
target dot with respect to pixels in which all the dots pre- 
viously subjected to the determination for the on-off 
state are set in the off state, based on a result of the 
comparison. 

[0037] In accordance with one preferable application 
of the first printing apparatus, the dither determination 
unit successively determines the on-off state of the at 
least three different types of dots in a descending order 
of ink density. 

[0038] In accordance with another preferable applica- 
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tion of the first printing apparatus, the head enables cre- 
ation of at least four different types of dots, which 
include dots formed in at least two different ink weights 
respectively by a deep ink having a higher ink density 
and a light ink having a lower ink density. In this struc- 
ture, the dither determination unit first determines the 
on-off state of the dots created by the deep ink in a 
descending order of ink weight and subsequently deter- 
mines the on-off state of the dots created by the light ink 
in a descending order of ink weight. 
[0039] The present invention is also directed to a sec- 
ond printing apparatus that enables a multi-tone image 
to be printed as a distribution of dots created with a 
head, wherein the head is provided with at least two dif- 
ferent inks that have an identical hue but different densi- 
ties and enables at least three different types of dots, 
which include at least two different types of dots that 
have different ink weights and are created by at least 
one ink among the at least two different inks, to be cre- 
ated on a printing medium. The second printing appara- 
tus includes: a storage unit that stores divisions, which 
are obtained by dividing the at least three different types 
of dots according to a preset classification into a plural- 
ity of different types of dots having higher density evalu- 
ation values and at least one type of dot having a lower 
density evaluation value; an input unit that inputs tone 
data of an image to be printed; a dither determination 
unit that successively determines on-off state of the plu- 
rality of different types of dots having the higher density 
evaluation values with respect to each pixel in a preset 
sequence, the preset sequence including a specific 
order of ink weight in which the at least two different 
types of dots created by the identical ink are consecu- 
tively subjected to the determination for the on-off state; 
an error diffusion determination unit that determines on- 
off state of the at least one type of dot having the tower 
density evaluation value by an error diffusion method 
based on correction data, the correction data being 
obtained by correcting the tone data with density errors 
occurring due to the on-off state of the plurality of dots 
having the higher density evaluation values; and a dot 
creation unit that drives the head based on results of the 
determinations carried out by the dither determination 
unit and the error diffusion determination unit, so as to 
create the respective types of dots. 
[0040] The dither determination unit includes: a mem- 
ory unit in which a relationship between tone data and a 
recording ratio regarding each of the plurality of different 
types of dots having the higher density evaluation val- 
ues is stored; a setting unit that refers to the memory 
unit and sets the recording ratio of each of the plurality 
of different types of dots having the higher density eval- 
uation values corresponding to the input tone data; and 
a dot creation determination unit that compares a cor- 
rected recording ratio of a target dot with a threshold 
value stored in a dither matrix that has been provided in 
advance, the corrected recording ratio being obtained 
by correcting the recording ratio of the target dot set by 



the setting unit with the recording ratios of all the dots 
previously subjected to the determination for the on-off 
state, the dot creation determination unit then determin- 
ing on-off state of the target dot with respect to pixels in 
5 which all the dots previously subjected to the determina- 
tion for the on-off state are set in the off state, based on 
a result of the comparison. 

[0041] In the second printing apparatus, it is prefera- 
ble that the at least one type of dot having the lower 
10 density evaluation value is a dot having a lowest density 
evaluation value among the at least three different types 
of dots created with the head. 

[0042] In accordance with one preferable application 
of the second printing apparatus, the dither determina- 
15 tion unit carries out the determination for the on-off state 
of the respective dots with a single dither matrix, 
whether or not the respective dots are created by the 
identical ink. 

[0043] In accordance with another preferable applica- 
20 tion of the second printing apparatus, the dither deter- 
mination unit further includes: a dither matrix generation 
unit that provides a new dither matrix, which includes 
threshold values in a different arrangement specified for 
each of the at least two different inks, from a dither 
25 matrix stored in advance; and a decision unit that car- 
ries out the determination for the on-off state with the 
dither matrix corresponding to each of the at least two 
different inks, with respect to each dot created by the 
ink. 

30 [0044] In accordance with still another preferable 
application of the second printing apparatus, the head 
enables creation of at least four different types of dots, 
which include dots formed in at least two different ink 
weights respectively by a deep ink having a higher ink 

35 density and a light ink having a lower ink density. The at 
least one type of dot having the lower density evaluation 
value is a dot that has a lowest density evaluation value 
and is created by the light ink. In this structure, the 
dither determination unit excludes the dot that has the 

40 lowest density evaluation value and is created by the 
light ink, first determines the on-off state of the dots cre- 
ated by the deep ink in a descending order of ink weight, 
and subsequently determines the on-off state of the 
dots created by the light ink in a descending order of ink 

45 weight. 

[0045] These printing apparatuses can actualize one 
of the methods of the present invention discussed 
above. In the first printing apparatus, the input unit, the 
dither determination unit, and the dot creation unit may 

so be incorporated in the same casing or in different cas- 
ings. Similarly, in the second printing apparatus, the 
input unit, the dither determination unit, the error diffu- 
sion determination unit, and the dot creation unit may be 
incorporated in the same casing or in different casings. 

55 The printing apparatus may have a plurality of casings, 
which respectively include some of the required ele- 
ments in an arbitrary combination. 
[0046] The method of the present invention is actual- 
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ized by the printing apparatus that drives with the data 
processed by the computer according to a preset pro- 
gram. The method of the present invention is accord- 
ingly realized by a recording medium in which such a 
program is recorded. 

[0047] The present invention is thus directed to a first 
recording medium in which a program for enabling a 
multi-tone image to be printed by a printing apparatus is 
recorded in a computer readable manner, wherein the 
printing apparatus is provided with at least two different 
inks that have an identical hue but different densities 
and enables at least three different types of dots, which 
include at least two different types of dots that have dif- 
ferent ink weights and are created by at least one ink 
among the at least two different inks, to be created on a 
printing medium. The program includes: a program 
code that causes a computer to successively determine 
on-off state of the at least three different types of dots 
with respect to each pixel in a preset sequence, the pre- 
set sequence including a specific order of ink weight in 
which the at least two different types of dots created by 
the identical ink are consecutively subjected to the 
determination for the on-off state. 
[0048] The program code causes the computer to 
actualize the functions of: setting a recording ratio 
regarding each of the at least three different types of 
dots, based on tone data of an original image; compar- 
ing the recording ratio of a specific dot, which is a first 
object of the determination, with a threshold value read 
from a dither matrix that has been provided in advance 
and determining on-off state of the specific dot based 
on a result of the comparison; and comparing a cor- 
rected recording ratio with the threshold value and 
determining on-off state of another dot, which is a sec- 
ond or subsequent object of the determination, based 
on a result of the comparison with respect to pixels in 
which all the dots previously subjected to the determina- 
tion for the on-off state are set in the off state, the cor- 
rected recording ratio being obtained by correcting the 
recording ratio of the another dot with the recording 
ratios of all the dots previously subjected to the determi- 
nation for the on-off state. 

[0049] In accordance with one preferable application 
of the first recording medium, the program code causes 
the computer to successively determine the on-off state 
of the at least three different types of dots in a descend- 
ing order of ink density. 

[0050] In accordance with another preferable applica- 
tion of the first recording medium, the printing apparatus 
enables creation of at least four different types of dots, 
which include dots formed in at least two different ink 
weights respectively by a deep ink having a higher ink 
density and a light ink having a lower ink density. In this 
structure, the program code causes the computer to first 
determine the on-off state of the dots created by the 
deep ink in a descending order of ink weight and subse- 
quently determine the on-off state of the dots created by 
the light ink in a descending order of ink weight. 



[0051] The present invention is further directed to a 
second recording medium in which a program for ena- 
bling a multi-tone image to be printed by a printing 
apparatus is recorded in a computer readable manner, 
s wherein the printing apparatus is provided with at least 
two different inks that have an identical hue but different 
densities and enables at least three different types of 
dots, which include at least two different types of dots 
that have different ink weights and are created by at 
10 least one ink among the at least two different inks, to be 
created on a printing medium. The program includes: a 
first program code that causes a computer to divide the 
at least three different types of dots according to a pre- 
set classification into a plurality of different types of dots 
75 having higher density evaluation values and at least one 
type of dot having a lower density evaluation value; a 
second program code that causes the computer to suc- 
cessively determine on-off state of the plurality of differ- 
ent types of dots having the higher density evaluation 
20 values with respect to each pixel in a preset sequence, 
the preset sequence including a specific order of ink 
weight in which the at least two different types of dots 
created by the identical ink are consecutively subjected 
to the determination for the on-off state; and a third pro- 
25 gram code that causes the computer to determine on- 
off state of the at least one type of dot having the lower 
density evaluation value by an error diffusion method 
based on correction data, the correction data being 
obtained by correcting the tone data with density errors 
30 occurring due to the on-off state of the plurality of dots 
having the higher density evaluation values. 
[0052] The second program code causes the compu- 
ter to actualize the functions of: setting a recording ratio 
regarding each of the plurality of different types of dots 
35 having the higher density evaluation values, based on 
tone data of an original image; comparing the recording 
ratio of a specific dot, which is a first object of the deter- 
mination, with a threshold value read from a dither 
matrix that has been provided in advance and determin- 
40 ing on-off state of the specific dot based on a result of 
the comparison; and comparing a corrected recording 
ratio with the threshold value and determining on-off 
state of another dot, which is a second or subsequent 
object of the determination, based on a result of the 
45 comparison with respect to pixels in which all the dots 
previously subjected to the determination for the on-off 
state are set in the off state, the corrected recording 
ratio being obtained by correcting the recording ratio of 
the another dot with the recording ratios of all the dots 
so previously subjected to the determination for the on-off 
state. 

[0053] In the second recording medium of the present 
invention, it is preferable that the at least one type of dot 
having the lower density evaluation value is a dot having 
55 a lowest density evaluation value among the at least 
three different types of dots created by the printing 
apparatus. 

[0054] In accordance with one preferable application 



BNSDOCID: <EP 0951 176A2_I_> 



15 



EP0 951 176 A2 



16 



of the second recording medium, the second program 
code causes the computer to carry out the determina- 
tion for the on-off state of the respective dots with a sin- 
gle dither matrix, whether or not the respective dots are 
created by the identical ink. 

[0055] In accordance with another preferable applica- 
tion of the second recording medium, the second pro- 
gram code further causes the computer to actualize the 
functions of: providing a new dither matrix, which 
includes threshold values in a different arrangement 
specified for each of the at least two different inks, from 
a dither matrix stored in advance; and carrying out the 
determination for the on-off state with the dither matrix 
corresponding to each of the at least two different inks, 
with respect to each dot created by the ink. 
[0056] In accordance with still another preferable 
application of the second recording medium, the print- 
ing apparatus enables creation of at least four different 
types of dots, which include dots formed in at least two 
different ink weights respectively by a deep ink having a 
higher ink density and a light ink having a lower ink den- 
sity. The at least one type of dot having the lower den- 
sity evaluation value is a dot that has a lowest density 
evaluation value and is created by the light ink. In this 
structure, the second program code causes the compu- 
ter to exclude the dot that has the lowest density evalu- 
ation value and is created by the light ink, first determine 
the on-off state of the dots created by the deep ink in a 
descending order of ink weight, and subsequently 
determine the on-off state of the dots created by the 
light ink in a descending order of ink weight. 
[0057] The computer executes the program recorded 
in any one of the above recording media, so as to actu- 
alize the printing method of the present invention dis- 
cussed above. Available examples of the recording 
media include flexible disks, CD-ROMs, magneto-optic 
discs, IC cards, ROM cartridges, punched cards, prints 
with barcodes or other codes printed thereon, internal 
storage devices (memories like a RAM and a ROM) and 
. external storage devices of the computer, and a variety 
of other computer readable media. Still another applica- 
tion is a program supply apparatus that supplies a com- 
puter program, which causes the computer to actualize 
the multi-valuing functions of the image processing 
apparatus discussed above, to the computer via a com- 
munications path. 

[0058] These and other objects, features, aspects, 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the preferred embodiments with the accompanying 
drawings. 

Fig. 1 is a block diagram schematically illustrating 
the structure of a printing system including a print- 
ing apparatus embodying the present invention; 
Fig. 2 is a block diagram illustrating the software 
structure of the printing apparatus; 
Fig. 3 schematically illustrates the structure of a 



printer 22; 

Fig. 4A and Fig.4B show the principle of dot crea- 
tion in the printer 22; 

Fig. 5 shows an arrangement of nozzles in the 
5 printer 22; 

Fig.6 shows the principle of creating dots having 
different diameters by the printer 22; 
Fig. 7 shows a process of creating a large dot by 
the printer 22; 

10 Fig. 8 is a flowchart showing a dot creation routine 

executed in the embodiment; 

Fig. 9 is a table showing settings of recording ratios 

of the respective dots in the embodiment; 

Fig. 10 is a flowchart showing the details of a deep 
is dot creation process carried out at step S20 in the 

flowchart of Fig. 8; 

Fig. 1 1 A and Fig.1 1 B show a process of determin- 
ing the on-off state of the dot by a dither method; 
Fig. 12 shows part of a dither matrix used in the 
20 embodiment; 

Fig. 13 is a flowchart showing the details of a light 
dot creation process carried out at step S50 in the 
flowchart of Fig. 8; 

Fig. 14A through Fig.14G show a process of dot 
25 creation by the method of this embodiment; 

Fig. 15 is a flowchart showing another light dot cre- 
ation routine executed in a second embodiment 
according to the present invention; 
Fig. 16 shows a relationship between dither 
30 matrixes used in the second embodiment; 

Fig. 17A and Fig. 17B show creation of deep dots 
and light dots in the second embodiment; 
Fig. 18 shows an example of weights set in an error 
diffusion method; and 
35 Fig. 19 is a flowchart showing still another light dot 
creation routine as a modification of the second 
embodiment. 

[0059] Some modes of carrying out the present inven- 
40 tion are discussed below as preferred embodiments. 

(1) Structure of System 

[0060] As illustrated in Fig. 1, the printing system 
45 includes a scanner 12 and a color printer 22 that are 
connected to a computer 90. The computer 90 loads 
and executes predetermined programs and thereby 
functions as a printing apparatus. The computer 90 
includes a CPU 81 , which carries out a variety of opera- 
50 tions to control the printing-related actions according to 
the programs, and a variety of elements mutually con- 
nected via a bus 80. A variety of programs and data 
required for the CPU 81 to carry out the variety of oper- 
ations have stored in advance in a ROM 82. A variety of 
55 programs and data required for the CPU 81 to carry out 
the variety of operations are temporarily written in and 
read from a RAM 83. An input interface 84 is in charge 
of input of signals from the scanner 12 and a keyboard 
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1 4, whereas an output interlace 85 is in charge of output 
of data to the printer 22. A CRTC 86 controls output of 
signals to a CRT 21 that is capable of color display. A 
disk controller (DDC) 87 controls transmission of data to 
and from a hard disk 1 6, a CD-ROM drive 15, and a flex- 5 
ible disk drive (not shown). A variety of programs loaded 
to the RAM 83 and executed by the CPU 81 as well as 
a variety of programs provided in the form of a device 
driver are recorded in the hard disk 16. 
[0061] A serial input-output interface (SIO) 88 is fur- w 
ther connected to the bus 80. The SIO 88 is connected 
with a public telephone network PNT via a modem 18. 
The computer 90 connects with an external network via 
the SIO 88 and the modem 18. Connection of the com- 
puter 90 with a specific server SV enables programs is 
required for printing an image to be downloaded to the 
hard disk 16. Another possible application loads the 
required programs from a flexible disk FD or a CD-ROM 
and causes the computer 90 to execute the required 
programs. All the programs required for printing an 20 
image may be loaded collectively or alternatively only 
part of the programs that are characteristic of the 
embodiment may be loaded in the form of a module. 
[0062] Fig. 2 is a block diagram illustrating the soft- 
ware structure of the printing apparatus. In the compu- 25 
ter 90, an applications program 95 works under a 
predetermined operating system. A video driver 91 and 
a printer driver 96 are incorporated in the operating sys- 
tem. The applications program 95 reads an image from 
the scanner 1 2, causes the input image to be subjected 30 
to a predetermined process, such as retouch of the 
image, and causes the processed image to be dis- 
played on the CRT display 21 via the video driver 91. 
Original color image data ORG supplied from the scan- 
ner 1 2 are read from a color original and consists of 35 
three color components, red (R), green (G), and blue 
(B). 

[0063] When the applications program 95 issues a 
printing instruction, the printer driver 96 in the computer 
90 receives image data from the applications program 40 
95 and converts the input image data into signals 
processible by the printer 22, that is, multi-valued sig- 
nals for the respective colors, cyan, magenta, yellow, 
and black. In the example of Fig. 2, the printer driver 96 
includes a resolution conversion module 97, a color cor- 45 
rection module 98, a color correction table LUT, a half- 
tone module 99, and a rasterizer 100. 
[0064] The resolution conversion module 97 converts 
the resolution of the color image data processed by the 
applications program 95, that is, the number of pixels so 
per unit length, into the resolution processible by the 
printer driver 96. The image data after the resolution 
conversion is still the image information of three color 
components, R, G, and B. The color correction module 
98 refers to the color correction table LUT and converts 55 
the image data of R, G, and B with respect to each pixel 
into image data of the respective colors, cyan (C), 
magenta (M), yellow (Y), and Hack (K) used by the 



printer 22. The color corrected data have tone values, 
for example, in the range of 256 tones. The halftone 
module 99 creates dots in a dispersing manner and 
thereby implements the halftone processing, which ena- 
bles the printer 22 to express the tone values. The ras- 
terizer 100 sorts the processed image data out in the 
sequence of data to be transferred to the printer 22 and 
outputs the sorted data as final print data FNL Although 
the printer 22 simply creates dots according to the final 
print data FNL and does not carry out any of the above 
image processing operations in this embodiment, the 
printer 22 may alternatively carry out part or all of the 
image processing operations. 

[0065] The schematic structure of the printer 22 used 
in this embodiment is described with the drawing of Fig. 
3. As illustrated in Fig. 3, the printer 22 has a mecha- 
nism for causing a sheet feed motor 23 to feed a sheet 
of printing paper P, a mechanism for causing a carriage 
motor 24 to move a carriage 31 forward and backward 
along an axis of a platen 26, a mechanism for driving a 
print head 28 mounted on the carriage 31 to control 
spout of ink and creation of dots, and a control circuit 40 
that controls transmission of signals to and from the 
sheet feed motor 23, the carriage motor 24, the print 
head 28, and a control panel 32. 
[0066] The mechanism for reciprocating the carriage 
31 along the axis of the platen 26 includes a sliding 
shaft 34 that is arranged in parallel to the axis of the 
platen 26 and slidably supports the carriage 31 , an end- 
less drive belt 36 that is spanned between the carriage 
motor 24 and a pulley 38, and a position sensor 39 that 
detects the position of the origin of the carriage 31 . 
[0067] A black ink cartridge 71 for black ink (K) and a 
color ink cartridge 72, in which five color inks, that is, 
cyan (C), light cyan (LC), magenta (M), light magenta 
(LM), and yellow (Y), are accommodated, may be 
mounted on the carriage 31 in this printer 22. A total of 
six ink spout heads 61 through 66 are formed on the 
print head 28 that is disposed in the lower portion of the 
carriage 31. An ink conduit 68 is also disposed in the 
bottom portion of the carriage 31 to lead a supply of ink 
from the ink tank to each of the ink spout heads 61 
through 66 as shown in Fig. 4. 

[0068] Fig. 4 schematically illustrates the internal 
structure of the print head 28. For convenience of illus- 
tration, Fig. 4 only shows the elements relating to the 
spout of black ink (K), cyan (C), and light cyan (LC). In 
the actual structure, however, the six ink spout heads 61 
through 66 of the respective colors are arranged as 
shown in the plan view of Fig. 5. When the ink car- 
tridges 71 and 72 are attached to the carriage 31 , sup- 
plies of inks of the respective colors are led from the ink 
cartridges 71 and 72 to the ink spout heads 61 through 
66 formed in the print head 28 via the ink conduits 68 
shown in Fig. 4. 

[0069] A plurality of nozzles Nz are formed in each of 
the ink spout heads 61 through 66 as shown in Fig. 5. A 
piezoelectric element PE, which is one of electrically 
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distorting elements and has an excellent response, is 
arranged for each nozzle Nz as shown in Fig.4A. As is 
known, the piezoelectric element PE has a crystal struc- 
ture that is subjected to mechanical stress due to appli- 
cation of a voltage and thereby carries out extremely 
high-speed conversion of electrical energy to mechani- 
cal energy. In this embodiment, application of a voltage 
between electrodes on either ends of the piezoelectric 
element PE for a predetermined time period causes the 
piezoelectric element PE to extend for the predeter- 
mined time period and deform one side wall of the ink 
conduit 68 as shown by the arrows in Fig. 4B. The vol- 
ume of the ink conduit 68 is reduced with the extension 
of the piezoelectric element PE, and a certain amount of 
ink corresponding to the reduced volume is sprayed as 
an ink particle Ip from the end of the nozzle Nz at a high 
speed. The ink particles Ip soak into the printing paper 
P set on the platen 26, so as to implement printing. 
[0070] Fig. 5 shows an arrangement of ink jet nozzles 
Nz on the ink spout heads 61 through 66. The nozzle 
arrangement includes six nozzle arrays, wherein each 
nozzle array spouts ink of each color and includes forty- 
eight nozzles Nz arranged in zigzag at a fixed nozzle 
pitch k. The positions of the corresponding nozzles in a 
sub-scanning direction are identical in the respective 
nozzle arrays. The forty-eight nozzles Nz included in 
each nozzle array may be arranged in alignment instead 
of in zigzag. The zigzag arrangement shown in Fig. 5, 
however, allows a small value to be set to the nozzle 
pitch k in the manufacturing process. 
[0071 ] The printer 22 can create three different types 
of dots having different ink weights, that is, large dots, 
medium dots, and small dots, with the nozzles Nz of a 
fixed diameter shown in Fig. 5. The following describes 
the principle of such dot creation technique. Fig. 6 
shows the relationship between the driving waveform of 
the nozzle Nz and the size of the ink particle Ip spouted 
from the nozzle Nz. The driving waveform shown by the 
broken line in Fig. 6 is used to create standard -sized 
dots. A decrease in potential of the piezoelectric ele- 
ment PE in a division 62 deforms the piezoelectric ele- 
ment PE in the direction of increasing the cross section 
of the ink conduit 68. contrary to the case discussed 
previously with the drawing of Fig. 4. Such deformation 
of the ink conduit 68 is implemented at the higher speed 
than the speed of ink supply from the ink conduit 68. As 
shown in a state A of Fig. 6, an ink interface Me, which 
is generally referred to as meniscus, is thus slightly con- 
caved inward the nozzle Nz. When the driving waveform 
shown by the solid line in Fig. 6 is used to abruptly lower 
the potential in a division d1. on the other hand, the 
deformation speed of the ink conduit 68 is further 
increased and the meniscus is more significantly con- 
caved inward the nozzle Nz as shown in a state 'a', com- 
pared with the state A. A subsequent increase in 
voltage applied to the piezoelectric element PE in a divi- 
sion d3 causes the ink to be spouted, based on the prin- 
ciple described previously with the drawing of Fig. 4. As 



shown in states B and C, a large ink droplet is spouted 
when the meniscus is only slightly concaved inward 
(state A). As shown in states t>' and 'c\ on the other 
hand, a small ink droplet is spouted when the meniscus 

5 is significantly concaved inward (state 'a'). 

[0072] Based on the above principle, the ink weight 
spouted from each nozzle may be varied according to 
the driving waveform for driving the nozzle, that is, 
according to the rate of change in the divisions d1 and 

10 62 where the potential of the piezoelectric element PE is 
lowered. This embodiment provides two different driving 
waveforms, that is, one for creating small dots IPs and 
the other for creating medium dots IPm. Fig. 7 shows 
driving waveforms used in this embodiment. A driving 

15 waveform W1 is used to create the small dots IPs, 
whereas a driving waveform W2 is used to create the 
medium dots IPm. As shown in Fig. 7, the jet speed of 
an ink droplet increases with an increase in ink weight. 
These two driving waveforms enable two different types 

20 of dots, having different ink weights, that is, the small dot 
and the medium dot, to be created with the nozzle Nz of 
an identical diameter. The printer 22 of this embodiment 
consecutively and periodically outputs these driving 
waveforms in the sequence of W1 and W2 with a move- 
rs merit of the carriage 31 . 

[0073] Large dots are created by using both the driv- 
ing waveforms W1 and W2 shown in Fig. 7. The lower 
part of Fig. 7 shows the process of hitting an ink droplet 
IPs for the small dot and an ink droplet IPm for the 

30 medium dot spouted from the nozzle against the print- 
ing paper P. When both the small dot and the medium 
dot are created with the driving waveforms of Fig. 7, the 
ink droplet IPm for the medium dot has a higher jet 
speed. Namely there is a difference in jet speed 

35 between these two types of ink droplets. Regulation of 
the timings for successively spouting the ink droplet IPs 
for the small dot and the ink droplet IPm for the medium 
dot according to the difference in jet speed between the 
ink droplets and the moving speed of the carriage 31 in 

40 the main scanning direction enables both the ink drop- 
lets to reach the printing paper P at a substantially iden- 
tical timing. In this manner, the embodiment creates a 
large dot having the greatest ink weight with the two 
driving waveforms shown in the upper part of Fig. 7. 

45 [0074] In the printer 22 having the hardware structure 
discussed above, while the sheet feed motor 23 feeds 
the printing paper P (hereinafter referred to as the sub- 
scan), the carriage motor 24 moves the carriage 31 for- 
ward and backward (hereinafter referred to as the- main 

so scan), simultaneously with actuation of the piezoelectric 
elements PE on the respective ink spout heads 61 
through 66 of the print head 28. The printer 22 accord- 
ingly sprays the respective color inks to create dots and 
thereby forms a multi-color image on the printing paper 

55 R 

[0075] In this embodiment, the printer 22 has the head 
that uses the piezoelectric elements PE to spout ink as 
discussed previously. The printer may, however, adopt 
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another technique for spouting ink. One available struc- 
ture of the printer supplies electricity to a heater 
installed in an ink conduit and utilizes the bubbles gen- 
erated in the ink conduit to spout ink. 

(2) Dot Creation Process 

[0076] Fig. 8 is a flowchart showing a routine of dot 
creation process executed in this embodiment. The 
CPU 81 of the computer 90 carries out this dot creation 
routine. When the program enters the dot creation rou- 
tine, the CPU 81 first inputs image data at step S10. The 
image data are supplied from the applications program 
95 shown in Fig. 2 and have tone values of 256 stages 
in the range of 0 to 255 with respect to each color R, G, 
or B for each pixel included in the image. The resolution 
of the image data depends upon, for example, the reso- 
lution of the original image data ORG. 
[0077] The CPU 81 then converts the resolution of the 
input image data into the printing resolution that enables 
the printer 22 to print an image at step S12. In the case 
where the resolution of the input image data is lower 
than the printing resolution, the linear interpolation is 
performed to generate new data between the adjoining 
image data and thereby implement the conversion of 
the resolution. In the case where the resolution of the 
input image data is higher than the printing resolution, 
on the contrary, the process skips image data at a spec- 
ified ratio to implement the conversion of the resolution. 
The process of converting the resolution is not essential 
in this embodiment, and the printing operation may be 
carried out without the conversion of the resolution. 
[0078] The CPU 81 subsequently carries out a color 
correction process. The color correction process con- 
verts the image data consisting of the tone values of the 
respective color components R, G, and B into the tone 
data of the respective hues C, M, Y, and K used in the 
printer 22. A concrete procedure of the color correction 
process refers to the color correction table LUT (see 
Fig. 2), which stores a combination of C, M, Y, and K 
that enables the printer 22 to express a color repre- 
sented by each combination of R, G, and B. Any one of 
the various known techniques is applicable to carry out 
the color correction with the color correction table LUT; 
for example, the interpolation technique as disclosed in 
JAPANESE PATENT LAID-OPEN GAZETTE No. 4- 
144481. 

[0079] The CPU 81 then causes the color-corrected 
image data to be subjected to a multi-valuing process at 
steps S20 and S50. The mufti -valuing process converts 
the tone values of the image data (in the range of 256 
tones in this embodiment) into the tone values express- 
ible for the respective pixels by the printer 22. The multi- 
valuing process of this embodiment carries out the con- 
version into four possible tones with respect to each ink, 
that is, 'creation of no dots', 'creation of a small dot', 'cre- 
ation of a medium dot', and 'creation of a large dot'. As 
shown in Fig. 5, the printer 22 of this embodiment has 



two inks of different densities, that is, light ink and deep 
ink, for cyan and magenta. With respect to these hues, 
the multi-valuing process carries out the conversion into 
seven possible tones, that is, 'creation of a small dot', 
s 'creation of a medium dot', and 'creation of a large dot' 
by deep ink, 'creation of a small dot', 'creation of a 
medium dot', and 'creation of a large dot' by light ink, 
and creation of no dots*. 

[0080] For these hues, cyan and magenta, the pro- 
10 gram carries out a deep dot creation process, which is 
the multi-valuing process for the deep ink, at step S20 
and subsequently carries out a light dot creation proc- 
ess, which is the multi-valuing process for the light ink, 
at step S50. Since only one ink is provided for the other 
is hues, yellow and black, the program carries out only the 
deep dot creation process at step S20 and skips the 
light dot creation process of step S50. In order to clarify 
the processing flow, the flowchart of Fig. 8 shows only 
the case of the hues having two inks of different densi- 

20 ties. When it is determined that the multi-valuing proc- 
ess is concluded for all the hues at step S80, the 
program exits from this dot creation routine. The multi- 
valued data are sorted out in the sequence of data to be 
printed by the printer 22 and then transferred to the 

25 printer 22. 

[0081 ] The following describes the details of the multi- 
valuing process carried out in this embodiment. The 
concrete procedure is described in the case of the hues 
having two inks of different densities, that is, cyan and 

30 magenta. As mentioned previously, for these hues, the 
program determines the on-off conditions of six different 
types of dots and carries out the conversion into seven 
possible tones to implement the multi-valuing process. 
The six different types of dots include a large dot, a 

35 medium dot, and a small dot created with the deep ink 
(hereinafter referred to as the large deep dot, the 
medium deep dot, and the small deep dot in this 
sequence) as well as a large dot, a medium dot, and a 
small dot created with the light ink (hereinafter referred 

40 to as the large light dot, the medium light dot, and the 
small light dot in this sequence). 
[0082] This embodiment carries out the multi-valuing 
process to record each type of dot at a preset recording 
ratio according to the tone data. Fig. 9 shows an exam- 

45 pie of the settings of the recording ratios applicable in 
this embodiment. The table of Fig. 9 gives the recording 
ratios of the six different types of dots, that is, the large 
deep dot, the medium deep dot, the small deep dot, the 
large light dot, the medium light dot, and the small light 

so dot, corresponding to the tone data. This table is stored 
in the ROM 82 of the computer 90. The level data plot- 
ted as ordinate in Fig. 9 represent the recording ratios 
expressed as 8-bit data (= 256 stages). The value 255 
corresponds to the recording ratio of 100%. The tone 

55 data plotted as abscissa in Fig. 9 represent the tone val- 
ues of each hue obtained by the color correction proc- 
ess, which is carried out at step S14 in the flowchart of 
Fig. 8. A variety of settings other than those shown in 
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Fig. 9 may be used for the recording ratios of the 
respective types of dots. The recording ratio of dots rep- 
resents the ratio of dots created in a specified homoge- 
neous tone area to all the pixels included in the 
specified area. 

[0083] Fig. 10 is a flowchart showing a routine of the 
deep dot creation process carried out at step S20 in the 
flowchart of Fig. 8. When the program enters the deep 
dot creation routine, the CPU 81 first reads level data 
LD of the large deep dot from the table of Fig. 9 at step 
S22. The CPU 81 then compares the level data LD with 
a threshold value th to determine the on-off state of the 
large deep dot at step S24. The known dither method is 
applied here for the determination for the on-off state of 
the dots. 

[0084] A dither matrix is used to set different threshold 
values th to the respective pixels. Fig.11A shows the 
principle of determining the on-off state of dots by the 
dither method. For convenience of illustration, the dither 
matrix illustrated is only for part of the pixels. As shown 
in Fig. 1 1 A, with respect to each pixel, the level data LD 
of the large dot is compared with the threshold value th 
stored at the corresponding position in the dither matrix. 
In the case where the level data LD is greater than the 
threshold value th in the dither matrix, a large dot is set 
in the on state. In the case where the level data LD is not 
greater than the threshold value, on the contrary, a large 
dot is set in the off state. The hatched pixels in Fig. 1 1 A 
represent the pixels where the large dot is set in the on 
state. 

[0085] This embodiment uses a large-scaled, blue 
noise mask-type dither matrix, in which the values 0 to 
255 appear in the pixels of a 64x64 square. Fig. 12 
shows example of the blue noise mask-type drther 
matrix. For convenience of illustration, only part of the 
dither matrix is shown. This dither matrix has the advan- 
tage of good dot dispersibility. Local concentration of 
dots makes the dots visually recognizable and thereby 
deteriorates the picture quality. The blue noise mask- 
type dither matrix having the good dot dispersibility ena- 
bles the multi-valuing process with a relatively high pic- 
ture quality A variety of other dither matrixes are also 
applicable for the multi-valuing process. 
[0086] In the case where the level data LD is greater 
than the threshold value th at step S24, the program 
determines that the large deep dot is set in the on state 
and substitutes the data '1V, which is expressed in 
binary notation and represents creation of a large deep 
dot, into a resulting value Rd that represents the on-off 
state of the respective dots created by deep ink at step 
S26. The respective bits included in the resulting value 
Rd correspond to the on-off conditions of the driving 
waveforms W1 and W2 shown in Fig. 7. When the 
resulting value Rd=11 is transferred to the printer 22, 
both the driving waveforms W1 and W2 are in the on 
state to spout ink and create a large dot. In this case, 
the program skips the further determination for the on- 
off state of the medium deep dot and the on-off state of 



the small deep dot and exits from the deep dot creation 
routine. 

[0087] In the case where the level data LD is not 
greater than the threshold value th at step S24, on the 

5 other hand, the program determines that the large deep 
dot is set in the off state and proceeds to the determina- 
tion for the on-off state of the medium deep dot. The 
process of determining the on-off state of the medium 
deep dot is substantially identical with the process of 

10 determining the on-off state of the large deep dot. The 
CPU 81 refers to the table shown in Fig. 9 and reads 
level data Ldm for the medium deep dot at step S28 and 
adds the level data Ldm to the level data LD for the large 
deep dot to correct the level data LD at step S30. The 

is CPU 81 then compares the corrected level data LD with 
the threshold value th at step S32. The threshold value 
th is read from the same dither matrix as that used for 
the large deep dot. In the case where the corrected level 
data LD is greater than the threshold value th, the pro- 

20 gram determines that the medium deep dot is set in the 
on state and substitutes the binary number '01', which 
represents creation of a medium deep dot, into the 
resulting value Rd at step S34. When the resulting value 
Rd=01 is transferred to the printer 22, only the driving 

25 waveform W2 is set in the on state to create a medium 
dot. When it is determined that the medium deep dot is 
to be created, the program skips the determination for 
the on-off state of the small deep dot and exits from the 
deep dot creation routine. 

30 [0088] Fig. 1 1 B shows the process of determining the 
on-off state of the medium deep dot in this embodiment. 
The bottom table in Fig. 1 1 B gives the level data Ldm for 
the medium deep dot read from the table of Fig. 9. The 
procedure of this embodiment adds the level data Ldm 

35 for the medium deep dot to the level data LD for the 
large deep dot read previously to give the corrected 
level data LD. The corrected level data LD is shown in 
the top table of Fig. 1 1 B. In the pixel where the cor- 
rected level data LD is greater than the threshold value 

40 th in the dither matrix, it is determined that the medium 
dot is set in the on state. The hatched pixels in Fig.1 1B 
represent the pixels where the medium dot is set in the 
on state. Comparison between Fig. 1 1 A and Fig. 1 1 B 
shows that the medium deep dot is set in the on state in 

45 the pixels where no large deep dots are created. 

[0089] The following gives the reason why the cor- 
rected level data LD is used to determine the on-off 
state of the medium deep dot Among the settings of the 
recording ratios shown in the table of Fig. 9, an area 

so where the tone data is close to 255 is selected as an 
extreme example. In this area, the level data for the 
medium deep dot is smaller than the level data for the 
large deep dot. Here it is assumed that the level data 
Ldm for the medium deep dot is used, instead of the 

55 corrected level data LD, to determine the on-off state of 
the dot. In this case, in the pixels where the large deep 
dot is set in the off state (that is, when the level data LD 
for the large deep dot is smaller than the threshold value 
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th), since the level data Ldm for the medium deep dot is 
always smaller than the threshold value th, the medium 
deep dot is also set in the off state. This makes the 
recording ratio of the medium deep dot equal to 0% and 
does not effect the recording ratio of Fig. 9. In the area 5 
where the level data for the medium deep dot is greater 
than the level data for the large deep dot, the recording 
ratio of the medium deep dot becomes lower than the 
recording ratio set in the table of Fig. 9, because of the 
similar reason. The procedure of this embodiment 10 
determines the on-off state of the medium deep dot 
based on the sum of the level data Ldm for the medium 
deep dot and the level data LD for the large deep dot. 
This ensures the recording ratio of the medium deep dot 
set in the table of Fig. 9. 15 
[0090] In the case where the corrected level data LD 
is not greater than the threshold value th at step S32, on 
the other hand, the program determines that the 
medium deep dot is set in the off state and proceeds to 
the determination for the on-off slate of the small deep 20 
dot. The process of determining the on-off state of the 
small deep dot is substantially identical with the process 
of determining the on-off state of the other dots. The 
CPU 81 refers to the table shown in Fig. 9 and reads 
level data Lds for the small deep dot at step S36 and 25 
adds the level data Lds to the level data LD to correct 
the level data LD at step S38. Since the sum of the level 
data for the large deep dot and the level data for the 
medium deep dot has been stored in the level data LD, 
the sum of the level data for the large deep dot, the 30 
medium deep dot, and the small deep dot is set for the 
corrected level data LD. The CPU 81 then compares the 
corrected level data LD with the threshold value th at 
step S40. The corrected level data LD is used to deter- 
mine the on-off state of the small deep dot, because of 35 
the reason discussed above for the medium deep dot. 
The determination for the on-off state of the small deep 
dot based on the corrected level data enables the small 
deep dot to be created at the recording ratio set in the 
table of Fig. 9, while preventing the small deep dot from 40 
being created in an overlapping manner in the pixel 
where the large deep dot or the medium deep dot 
already exists. 

[0091] The threshold value th is read from the same 
dither matrix as that used for the large deep dot. In the 45 
case where the corrected level data LD is greater than 
the threshold value th, the program determines that the 
small deep dot is set in the on state and substitutes the 
binary number '10', which represents creation of a small 
deep dot, into the resulting value Rd at step S42. When so 
the resulting value Rd=10 is transferred to the printer 
22, only the driving waveform W1 is set in the on state 
to create a small dot. In the case where the corrected 
level data LD is not greater than the threshold value th, 
on the other hand, the program determines that the 55 
small deep dot is set in the off state and substitutes the 
binary number '00', which represents no creation of the 
deep dots, into the resulting value Fid at step S44. The 



CPU 81 then exits from the deep dot creation routine 
shown in the flowchart of Fig. 10. 
[0092] Referring back to the flowchart of Fig. 8, the 
CPU 81 carries out the light dot creation process at step 
S50. Fig. 13 is a flowchart showing a routine of the light 
dot creation process. When the program enters the light 
dot creation routine, the CPU 81 first determines 
whether or not any one of the deep dots is set in the on 
state at step S52. In the case where any one of the deep 
dots is set in the on state, the program does not carry 
out the determination for the on-off state of any light dot 
and directly exits from the light dot creation routine, in 
order to prevent the overlap of dots. 
[0093] In the case where none of the deep dots is set 
in the on state, on the other hand, the program deter- 
mines the on-off state of the light dot according to the 
dither method in the same manner as the determination 
for the on-off state of the deep dot. In accordance with a 
concrete procedure, the CPU 81 first reads level data LL 
of a large light dot at step S54. The level data LL is given 
from the table shown in Fig. 9. The CPU 81 then adds 
the value of the level data LD used in the deep dot cre- 
ation routine to the level data LL to correct the level data 
LL at step S56. The sum of the level data of all the dots 
created by deep ink and the level data of the large light 
dot is accordingly stored in the corrected level data LL. 
The corrected level data LL is compared with a thresh- 
old value th at step S58. The threshold value th is read 
from the same dither matrix as that used in the deep dot 
creation routine. 

[0094] This embodiment utilizes the corrected level 
data LL, which is obtained by adding the level data of all 
the dots created by deep ink, in order to determine the 
on-off state of the light dot. This arrangement effectively 
prevents the dot by light ink from being created in an 
overlapping manner in the pixel where the dot by deep 
ink already exists. 

[0095] In the case where the corrected level data LL is 
greater than the threshold value th at step S58, the pro- 
gram determines that the large light dot is set in the on 
state and substitutes the data ' 1 1 ', which is expressed in 
binary notation and represents creation of a large light 
dot, into a resulting value R1 that represents the on-off 
state of the respective dots created by light ink at step 
S60. The meaning of the value substituted in the result- 
ing value R1 is identical with that discussed for the 
resulting value Rd of the deep dots. When it is deter- 
mined that the large light dot is to be created, the pro- 
gram skips the further determination for the on-off state 
of the medium light dot and the on-off state of the small 
light dot and exits from the light dot creation routine. 
[0096] In the case where the corrected level data LL is 
not greater than the threshold value th at step S58, on 
the other hand, the program determines that the large 
light dot is set in the off state and proceeds to the deter- 
mination for the on-off state of the medium light dot. The 
process of determining the on-off state of the medium 
light dot is substantially identical with the process of 
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determining the on-off state of the other dots. In accord- 
ance with a concrete procedure, the CPU 81 refers to 
the table shown in Fig. 9 and reads level data Um for the 
medium light dot at step S62 and adds the level data 
Um to the level data LL to correct the level data LL at 
step S64. The sum of the level data of all the dots cre- 
ated by deep ink, the level data of the large light dot, and 
the level data of the medium light dot is accordingly 
stored in the corrected level data LL The corrected level 
data LL is compared with the threshold value th at step 
S66. In the case where the corrected level data LL is 
greater than the threshold value th, the program deter- 
mines that the medium light dot is set in the on state and 
substitutes the binary number '01', which represents 
creation of a medium light dot, into the resulting value 
R1 at step S68. 

[0097] In the case where the corrected level data LL is 
not greater than the threshold value th at step S66, on 
the other hand, the program determines that the 
medium light dot is set in the off state and proceeds to 
the determination for the on-off state of the small light 
dot. In accordance with a concrete procedure, the CPU 
81 reads level data Lis for the small light dot at step S70 
and adds the level data Lis to the level data LL to correct 
the level data LL at step S72. The sum of the level data 
of all the dots created by deep ink and the level data of 
all the dots created by light ink is accordingly stored in 
the corrected level data LL The corrected level data LL 
is compared with the threshold value th at step S74. In 
the case where the corrected level data LL is greater 
than the threshold value th, the program determines 
that the small light dot is set in the on state and substi- 
tutes the binary number '10'. which represents creation 
of a small light dot, into the resulting value R1 at step 
S78. 

[0098] In the case where the corrected level data LL is 
not greater than the threshold value at step S74 , on the 
other hand, the program determines that the small light 
dot is set in the off state and substitutes the binary 
number '00', which represents no creation of the light 
dots, into the resulting value R1 at step S76. The CPU 
81 then exits from the light dot creation routine shown in 
the flowchart of Fig. 13. The above procedure con- 
cludes the determination for the on-off state of all the 
dots created by deep ink and all the dots created by light 
ink, so as to implement the conversion into the seven 
possible tones. This processing is carried out for all the 
hues and all the pixels, in order to complete the final 
printing data FNL 

[0099] Fig. 14A through Fig. 14G show a process of 
dot creation by the method of this embodiment based 
on the tone values. For convenience of illustration. Fig. 
1 4 A through Fig. 1 4G show the process only for 4x4=1 6 
pixels. A dither matrix shown in Ftg. 14A is used to 
determine the on-off state of the respective dots. This 
matrix is a distributive matrix called Bayer's type. 
[0100] Fig. 14B shows creation of dots in an area of 
relatively low tone data. Hatched circles in Fig.l4B rep- 



resent dots. This corresponds to the state in which only 
the small light dot is created like an area A1 in the table 
of Fig. 9. The recording ratios of all the dots other than 
the small light dot are equal to zero. Based on the 

5 recording ratio of the small light dot, the small light dots 
are successively set in the on state in the sequence of 
the pixels having the smaller threshold values in the 
dither matrix of Fig.14A. Fig. 14B shows the state in 
which the small light dots are set on in the pixels having 

10 the threshold value of not greater than 4. 

[0101] Fig. 14C shows the state in a tone area where 
the recording ratio of the small light dot is equal to 
100%. According to the settings in the table of Fig. 9, 
the recording ratios of all the other dots are equal to 

15 zero in this area. The small light dot is accordingly cre- 
ated in all the pixels as shown in Fig. 14C. 
[0102] Fig. 14D shows the state in a tone area where 
the medium light dot starts creation. This corresponds 
to an area A2 shown in the table of Fig. 9. In this area, 

20 only the small light dot and the medium light dot are cre- 
ated. The total of the recording ratios of these small light 
dot and medium light dot is set equal to 100%. As 
described previously, the on-off state of the medium 
light dot is determined prior to the determination for the 

25 on-off state of the small light dot. Based on the record- 
ing ratio of the medium light dot. the medium light dots 
are successively set in the on state in the sequence of 
the pixels having the smaller threshold values in the 
dither matrix of Fig. 14A. Fig. 14D shows the state in 

30 which only one medium light dot is created in the pixel 
having the threshold value=1 . The larger hatched circle 
having the greater diameter in Fig. 14D represents a 
medium light dot. The small light dot is created in the 
remaining pixels. 

35 [0103] Fig. 14E shows the state having the greater 
tone values. This corresponds to an area A3 shown in 
the table of Fig. 9. In this area, only the small light dot 
and the medium light dot are created. As mentioned 
above, the medium light dots are successively set in the 

40 on state in the sequence of the pixels having the smaller 
threshold values in the dither matrix of Fig. 14A. Fig. 
14E shows the state in which the medium light dot is 
created in the pixels having the threshold value of not 
greater than 4. The small light dot is created in the 

45 remaining pixels. The number of pixels where the 
medium light dot is created gradually increases in this 
manner in the sequence of the pixels having the smaller 
threshold values in the dither matrix. The recording ratio 
of the medium light dot eventually reaches 100% 

so according to the settings of the recording ratios shown 
in the table of Fig. 9. 

[01 04] Fig. 1 4F shows the state in a tone area where 
the large light dot starts creation. This corresponds to 
an area A4 shown in the table of Fig. 9. In this area, only 
55 the medium light dot and the large light dot are created. 
The total of the recording ratios of these medium light 
dot and large light dot is set equal to 100% . As 
described previously, the on-off state of the large light 
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dot is determined prior to the determination for the on- 
off state of the medium light dot. Based on the recording 
ratio of the large light dot, the large light dots are suc- 
cessively set in the on state in the sequence of the pix- 
els having the smaller threshold values in the dither 5 
matrix of Fig. 14A. Fig. 14F shows the state in which 
only one large light dot is created in the pixel having the 
threshold value=1. The larger hatched circle having the 
greater diameter in Fig. 1 4F represents a large light dot. 
A different hatching pattern is applied for the large light 10 
dot to be distinguished from the medium light dot. The 
medium light dot is created in the remaining pixels. 
[0105] Fig. 14G shows the state having the greater 
tone values. This corresponds to an area A5 shown in 
the table of Fig. 9. In this area, only the medium light dot is 
and the large light dot are created. Fig. 14Q shows the 
state in which the large light dot is created in the pixels 
having the threshold value of not greater than 4. The 
medium light dot is created in the remaining pixels. The 
number of pixels where the large light dot is created 20 
gradually increases in this manner in the sequence of 
the pixels having the smaller threshold values in the 
dither matrix. 

[0106] Fig. 14 shows the process of dot creation with 
respect to the tone values that enable only the light dots 25 
to be created. The number of deep dots increases in a 
similar manner in the area where deep dots are created. 
Namely the deep dots are successively set in the on 
state in the sequence of the pixels having the smaller 
threshold values in the dither matrix. The process of Fig. 30 
14 is only one example on the assumption of the record- 
ing ratios shown in the table of Fig. 9. According to the 
other settings of the recording ratios, for example, crea- 
tion of the medium light dot may start before the record- 
ing ratio of the small light dot reaches 100%. It is also 35 
possible that the total recording ratio temporarily 
decreases with an increase in number of medium light 
dot. It is further possible that three or more different 
types of dots coexist. In any case, there is a tendency of 
creating the dot, which is subjected to the determination 40 
for the on-off state in preference to the other dots, in the 
pixels having the smaller threshold values in the dither 
matrix. 

[0107] In the printing apparatus of the embodiment 
discussed above, the dither method is adopted in the 45 
determination for the on-off state of all the six different 
types of dots. This arrangement enables the extremely 
high-speed halftone processing. The on-off state of the 
dot that is a second or subsequent object for the deter- 
mination is determined, based on the corrected record- so 
ing ratio obtained by adding the recording ratio of the 
specific dot that is a first object for the determination. 
This structure effectively prevents the different types of 
dots from being created in the same pixel in an overlap- 
ping manner, while ensuring the recording ratios of the 55 
respective types of dots and implementing the halftone 
processing. The corrected value obtained by adding the 
recording ratios of the dots created by deep ink is used 



to determine the on-off state of the dots created by light 
ink. This structure readily prevents the dots by light ink 
from being created in an overlapping manner in the pix- 
els where the dots by deep ink already exist. 
[01 08] The method of the embodiment determines the 
on-off state of the dots created by deep ink in the 
descending order of the ink weight and subsequently 
determines the on-off state of the dots created by light 
ink in the descending order of the ink weight. The dots 
created by deep ink are generally more conspicuous 
than the dots created by light ink. The structure of the 
embodiment determines the of -off state of the dots cre- 
ated by deep ink in preference to the dots created by 
light ink, thereby ensuring the high degree of freedom in 
the determination for the on-off state of the dots. This 
arrangement adequately ensures the dispersibility of 
the dots created by deep ink and thereby enables the 
printing of high picture quality. This effect is especially 
significant when the total of the recording ratios of the 
respective dots exceeds 1 00%. 

(3) Second Embodiment 

[01 09] The following describes another printing appa- 
ratus as a second embodiment according to the present 
invention. The printing apparatus of the second embod- 
iment has an identical hardware structure with that of 
the first embodiment shown in Fig. 1. The difference 
from the first embodiment is the light dot creation proc- 
ess executed at step S50 in the dot creation routine of 
Fig. 8. The deep dot creation process executed at step 
S20 in the second embodiment is the same as that exe- 
cuted in the first embodiment. 

[01 10] Fig. 15 is a flowchart showing a routine of the 
light dot creation process carried out in the second 
embodiment. When the program enters the light dot cre- 
ation routine of Fig. 15, the CPU 81 first inputs the 
resulting value Rd, which represents the on-off state of 
the respective dots created by deep ink, at step S100, 
and then calculates correction data Cd, which is 
obtained by making the diffused errors reflect on the 
tone data, at step S102. These values are used in the 
subsequent processing. 

[01 1 1 ] The following describes the correction data Cd 
that reflects the diffused errors. The second embodi- 
ment determines the on-off state of the small light dot 
according to the error diffusion method as described 
later. The correction data Cd is used for the processing 
by the error diffusion method. The error diffusion 
method diffuses a local density error occurring in a 
processed pixel, for which the on-off state of the dot has 
been determined, to peripheral unprocessed pixels in 
preset proportions. The on-off state of the dot is deter- 
mined in a target pixel, which is currently subjected to 
the determination for the on-off state of the dot, after the 
errors diffused from the processed pixels are made to 
reflect on the tone data of the target pixel. The density 
error occurring as the result of the determination for the 
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on-off state of the dot in the target pixel is subsequently 
diffused into peripheral unprocessed pixels. Fig. 18 
shows proportions in which the error is diffused. The 
density error occurring in a target pixel PP is distributed 
to several following pixels in the scanning direction of 5 
the carriage and in the feeding direction of the printing 
paper in the preset proportions of Fig. 18. The process- 
ing of step S102 adds the diffused errors to the tone 
data and thereby obtains the correction data Cd, which 
is used in the determination for the on-off state of the 10 
dot by the error diffusion method. The concrete proce- 
dure of the determination for the on-off state of the dots 
by the error diffusion method will be described later. 
[01 1 2] The program proceeds to the determination for 
the on-off state of the respective dots created by the 15 
light ink In accordance with a concrete procedure, the 
CPU 81 first reads the level data LL of the large light dot 
at step S104. The level data LL of the large light dot is 
read from the table shown in Fig. 9 in the same manner 
as the first embodiment. The level data LL is compared 20 
with the threshold value th at step S106. In the case 
where the level data LL is greater than the threshold 
value th, the program determines that the large light dot 
is set in the on state and substitutes the binary number 
'1 V, which represents creation of a large light dot, into 25 
the resulting value R1 that represents the on-off state of 
the respective dots created by light ink at step S108. 
The meaning of the value substituted in the resulting 
value R1 is identical with the meaning discussed in the 
first embodiment. 30 
[0113] The light dot creation routine of the second 
embodiment does not add the level data LD of the deep 
dots to the level data of the large light dot LL (see step 
S56 in the flowchart of Fig. 13). The second embodi- 
ment uses a dither matrix, which is different from the 35 
dither matrix used in the determination for the on-off 
state of the deep dots, to determine the on-off state of 
the light dots. The use of the different dither matrixes 
effectively prevents the light dots from being created in 
an overlapping manner in the pixels where the deep 40 
dots already exist, without the step of adding the level 
data LD of the deep dots. 

[0114] Fig. 16 shows an example of the dither 
matrixes used in the second embodiment. For conven- 
ience of illustration, dither matrixes of 4x4= 1 6 pixels are 45 
given as an example. The method of the second 
embodiment generates a dither matrix UM used in the 
determination for the on-off state of the light dots, based 
on a dither matrix TM used in the determination for the 
on-off state of the deep dots. As shown in Fig. 16, the so 
dither matrix UM is obtained by inverting the respective 
elements included in the basic dither matrix TM in the 
vertical direction. For example, the threshold value T 
located at the upper left corner in the basic dither matrix 
TM is located at the lower left comer in the dither matrix 55 
UM. The structure of the embodiment provides a new 
dither matrix by changing the positions of the elements 
included in the basic dither matrix. 



[01 15] The actual procedure of the light dot creation 
routine in the second embodiment maps the target pix- 
els to be processed to the dither matrix according to a 
different relationship from that in the deep dot creation 
routine, in order to exert the same effects as those in the 
case of generating the new dither matrix UM. It is here 
assumed that the coordinate values of the pixels 
increase as y= 0, 1 , 2, 3,... in the feeding direction of the 
printing paper. The elements of the dither matrix TM 
shown in Fig. 16 in the feeding direction of the printing 
paper are shown as My= 0, 1, 2, 3. The pixels are 
mapped to the dither matrix TM in the normal orienta- 
tion in the case of the determination for the on-off state 
of the deep dots. The relationship between the coordi- 
nate value y of the pixel and the element My in the dither 
matrix TM in the feeding direction of the printing paper 
is expressed as My=y%4, where % denotes a remain- 
der operator. This relationship enables, for example, the 
threshold value expressed by the element of My=0 to be 
mapped to the pixels y=0, 4, 8,... 
[01 1 6] The pixels are mapped to the dither matrix TM 
in the inverted orientation in the feeding direction of the 
printing paper, on the other hand, in the case of the 
determination for the on-off state of the light dots. In this 
case, the relationship between the coordinate value y of 
the pixel and the element My in the dither matrix TM in 
the feeding direction of the printing paper is expressed 
as My=3-y%4. This relationship enables mapping given 
below: 

Threshold value expressed by the element of My=3 

mapped to the pixels y=0,4,8,... 

Threshold value expressed by the element of My=2 

mapped to the pixels y=1,5,9,... 

Threshold value expressed by the element of My=1 

mapped to the pixels y=2,6,10,... 

Threshold value expressed by the element of My=0 

mapped to the pixels y=3,7,1 1 

This results in the same mapping as that based on the 
dither matrix UM. This embodiment uses the basic 
dither matrix TM according to the different relationships 
of the pixels, thereby saving the required capacity of the 
memory for storing the dither matrixes. 
[01 17] Fig. 1 7 shows the states of dot creation accord- 
ing to the basic dither matrix. The closed circles in Fig. 
17 denote deep dots, whereas the hatched circles 
denote light dots. Fig. 1 7 A shows the state in which only 
one deep dot and one light dot are created. Since the 
dither matrix TM is used to determine the on-off state of 
the deep dot. the deep dot is created in the pixel at the 
upper left corner having the smallest threshold value. 
The dither matrix UM is used, on the other hand, to 
determine the on-off state of the light dot. so that the 
light dot is created in the pixel at the lower left corner 
having the smallest threshold value. 
[0118] Fig. 17B shows the state in which both the 
deep dot and the light dot are created at the recording 



17 



BNSDOCID: <EP 0951 176A2_I_> 



33 



EP0 951 176 A2 



34 



ratio of 50%. The deep dots are set in the on state in the 
sequence of the pixels having the smaller threshold val- 
ues in the dither matrix TM, whereas the light dots are 
set in the on state in the sequence of the pixels having 
the smaller threshold values in the dither matrix UM. 
The use of the different dither matrixes having the differ- 
ent arrangements effectively prevent the deep dot and 
the light dot from being created in the same pixel in the 
overlapping manner. 

[01 1 9] Referring back to the light dot creation routine 
shown in the flowchart of Fig. 15, when the level data LL 
of the large light dot is not greater than the threshold 
value th at step S106, the program determines that the 
large light dot is set in the off state and proceeds to the 
determination for the on-off state of the medium light 
dot. In accordance with a concrete procedure, the CPU 
81 reads the level data Llm of the medium light dot from 
the table shown in Fig. 9 at step S1 1 0 and adds the level 
data Llm to the level data LL to correct the level data LL 
at step S1 1 2. The sum of the level data for the large light 
dot and the level data for the medium light dot is accord- 
ingly stored in the corrected level data LL. The level data 
LL is compared with the threshold value th at step S1 1 4. 
The threshold value th is read from the same dither 
matrix as that used for the large light dot, that is, from 
the dither matrix UM shown in Fig. 16. 
[0120] In the case where the level data LL is greater 
than the threshold value th, the program determines 
that the medium light dot is set in the on state and sub- 
stitutes the binary number *01\ which represents crea- 
tion of a medium light dot, into the resulting value R1 at 
step S1 16. When it is determined that the medium light 
dot is to be created, the program skips the further deter- 
mination for the on-off state of the small light dot. 
[0121] In the case where the level data LL is not 
greater than the threshold value th at step S1 14, on the 
other hand, the program proceeds to the determination 
for the on-off state of the small light dot. The second 
embodiment determines the on-off state of the small 
light dot according to the error diffusion method. The 
correction data Cd calculated at step S102 is used in 
the determination for the on-off state of the dot. In 
accordance with a concrete procedure, the CPU 81 
compares the correction data Cd with a threshold value 
Ted at step S1 1 8. The threshold value Ted here is a pre- 
set constant value. Any value may be set to the thresh- 
old value Ted. In this embodiment, a density evaluation 
value of the small light dot is set to the threshold value 
Ted. In the case where the correction data Cd is greater 
than the threshold value Ted, the program determines 
that the small light dot is set in the on state and substi- 
tutes the binary number '10\ which represents creation 
of a small light dot, into the resulting value R1 at step 
S120. In the case where the correction data Cd is not 
greater than the threshold value Ted, on the other hand, 
the program determines that the small light dot is set in 
the off state and substitutes the binary number *00\ 
which represents no creation of the light dots, into the 



resulting value R1 at step S122. 
[01 22] The above processing specifies the resulting 
value Rd that represents the on-off state of the deep 
dots and the resulting value R1 that represents the on- 
s off state of the light dots. Namely the method carries out 
the 7-valuing process with respect to a target pixel PP, 
which is an object to be processed. The CPU 81 subse- 
quently carries out calculation of an error ERR from the 
resulting values Rd and R1 and performs the error diffu- 
se sion process at step S124. The error ERR here denotes 
a difference between the density expressed when a cer- 
tain dot is created in the target pixel PP according to the 
result of the multi-valuing process and the density to be 
expressed according to the correction data Cd. The 
15 density expressed when a certain dot is created in the 
target pixel PP is determined according to a density 
evaluation value RV, which has been set in advance for 
each dot. 

[0123] The error ERR is obtained from the correction 
20 data Cd and the density evaluation value RV according 
to the equation of ERR=Cd-RV . By way of example, it 
is assumed that a large deep dot is created in a pixel 
having the correction data Cd equal to 199, when the 
density evaluation value RV of the large deep dot corre- 
25 sponds to the tone value '255'. In this case, there is a 
density error given as 1 99-256=-56. This means that the 
expressed density is too high. 

[0124] The error diffusion process diffuses the error 
thus obtained into peripheral pixels in the vicinity of the 

30 currently processed target pixel PP with predetermined 
weights. Fig. 18 shows an example of the weights used 
in this embodiment. Since the error should be distrib- 
uted only to unprocessed pixels, the process diffuses 
the error into the pixels located after the target pixel in 

35 the scanning direction of the carriage or in the feeding 
direction of the printing paper as shown in Fig. 18. 
When the error is equal to -56, the value -14, which cor- 
responds to one quarter of the error -56, is distributed to 
a pixel Pi adjacent to the currently processed target 

40 pixel PR The diffused error is considered in the calcula- 
tion at step S102 when the pixel P1 is set to the target 
pixel. For example, when the pixel P1 has the tone value 
equal to 214, addition of the distributed error -14 gives 
the calculated correction data Cd equal to 200. Repeat- 

45 edly executing this process implements the halftone 
processing to attain the minimum local density error. 
[0125] The printing apparatus of the second embodi- 
ment enables the high-speed printing with an extremely 
high picture quality. When the on-off state of the dot is 

so determined by the dither method, a relatively large local 
error may occur as the difference between the density 
expressed according to the result of the determination 
and the density to be expressed according to the tone 
data. In the printing apparatus of the second embodi- 

55 ment, the on-off state of the small light dot is determined 
according to the error diffusion method by taking into 
account the density errors arising due to the on-off state 
of the other dots. This arrangement effectively reduces 
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the focal density error and enables the printing of high 
picture quality. The printing apparatus of the second 
embodiment applies the time-consuming error diffusion 
method only to the small light dot, while adopting the 
dither method in the determination for the on-off state of 5 
the other dots. This structure of the second embodiment 
thus does not significantly increase the processing time. 
[0126] In the method of the second embodiment, the 
deep dot creation routine (Fig. 10) and the light dot cre- 
ation routine (Fig. 15) use the dither matrixes including 10 
the elements of different arrangements. Like the first 
embodiment, in each of the dot creation routines of the 
second embodiment, the on-off state of the dot is deter- 
mined after the level data of the currently processed dot 
is corrected with the level data of all the dots previously 15 
subjected to the determination for the on-off state. Such 
processing effectively prevents the different types of 
dots, which are subjected to the determination for the 
on-off state by the dither method, from being created in 
the same pixel in an overlapping manner. Like the first 20 
embodiment, the structure of the second embodiment 
may use the same dither matrix for both the dot creation 
routines. In this case, the on-off state of the light dots is 
determined by making the recording ratios of the deep 
dots reflect on the recording ratios of the light dots. 25 
[0127] In the second embodiment, the error diffusion 
method is applied only to the small light dot. The error 
diffusion method may, however, be applicable to a plu- 
rality of dots having the lower density evaluation values. 
The flowchart of Fig. 19 shows an exemplified process- 30 
ing routine where the on-off state of all the light dots is 
determined by the error diffusion method. 
[01 28] When the program enters this routine, the CPU 
81 first inputs the resulting value Rd that specifies the 
on-off state of the dots created by the deep ink at step 35 
S150, and calculates the correction data Cd. which is 
obtained by making the diffused errors on the tone data, 
at step S152. The processing of these steps is identical 
with that of the second embodiment shown in the flow- 
chart of Fig. 1 5. 40 
[0129] The CPU 81 subsequently compares the cor- 
rection data Cd with a first threshold value th1 at step 
S154. In the case where the correction data Cd is 
greater than the first threshold value th1, the program 
specifies creation of the large light dot at step S1 56. Any 45 
value that can be used as the reference value for deter- 
mining creation or non-creation of the large light dot 
may be set to the first threshold value th1 . In this exam- 
ple, an intermediate value between the density evalua- 
tion value of the large light dot and the density so 
evaluation value of the medium light dot is set to the first 
threshold value thl. 

[01 30] When it is determined that the large light dot is 
in the off state, the CPU 81 compares the correction 
data Cd with a second threshold value thm at step ss 
S158. In the case where the correction data Cd is 
greater than the second threshold value thm, the pro- 
gram specifies creation of the medium light dot at step 



S160. Any value that can be used as the reference 
value for determining creation or non-creation of the 
medium light dot may be set to the second threshold 
value thm. In this example, an intermediate value 
between the density evaluation value of the medium 
light dot and the density evaluation value of the small 
tight dot is set to the second threshold value thm. When 
it is determined that the medium light dot is in the off 
state, the CPU 81 compares the correction data Cd with 
a third threshold value ths at step S162. In the case 
where the correction data Cd is greater than the third 
threshold value ths, the program specifies creation of 
the small light dot at step S164. when the correction 
data Cd is not greater than the third threshold value ths, 
on the other hand, the program specifies no creation of 
dots at step S1 66. 

[01 31 ] After the determination for the on-off state of 
the dots in one pixel, the CPU 81 carries out the calcu- 
lation of the density error and the error diffusion process 
based on the results of determination at step S168. The 
processing of step S168 is identical with that of the sec- 
ond embodiment shown in the flowchart of Fig. 1 5. As 
shown in the modified example, the error diffusion 
method may be applied to the determination for the on- 
off state of all the large, medium, and small dots created 
by the light ink in the light dot creation routine. There are 
a variety of other possible combinations of the dots 
processed by the error diffusion method and the dots 
processed by the dither method. 
[0132] All the above embodiments regard the case 
that use two inks of different densities, that is, the deep 
ink and the light ink, and create dots in three different 
ink weights, that is, the large dot, the medium dot, and 
the small dot. The principle of the present invention is, 
however, not restricted to this arrangement, and the ink 
densities and ink weights may be varied arbitrarily. 
[0133] All the above embodiments regard the ink jet 
printer 22 having the piezoelectric elements. The princi- 
ple of the present invention is also applicable to a vari- 
ety of other printers, for example, a printer that supplies 
electricity to a heater disposed in an array of nozzles 
and spouts ink with bubbles produced in the ink. The 
present invention is also applicable to a variety of print- 
ing apparatuses other than the printers as long as the 
printing apparatus allocates dots to the respective pixels 
to express an image. 

[0134] Another application of the present invention is 
a recording medium, in which a program for actualizing 
the computer-implemented processing discussed 
above is recorded. Available examples of the recording 
media include flexible disks, CD-ROMs, magneto-optic 
discs, IC cards, ROM cartridges, punched cards, prints 
with barcodes or other codes printed thereon, internal 
storage devices (memories like a RAM and a ROM) and 
external storage devices of the computer, and a variety 
of other computer readable media. Still another applica- 
tion of the invention is a program supply apparatus that 
supplies a computer program, which causes the compu- 
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ter to carry out the image processing and other process- 
ing operations, to the computer via a communications 
path. 

[0135] The present invention is not restricted to the 
above embodiments or their modifications, but there 5 
may be many other modifications, changes, and altera- 
tions without departing from the scope of the main char- 
acteristics of the present invention. For example, part or 
all of the various control processes discussed above 
may be actualized by the hardware structure, instead of 10 
the software programs. 

[0136] It should be clearly understood that the above 
embodiments are only illustrative and not restrictive in 
any sense. The scope of the present invention are lim- 
ited only by the terms of the appended claims. is 

Claims 

1 . A method of printing a multi-tone image as a distri- 
bution of dots created with a head, said head han- 20 
dling at least two different inks that have an 
identical hue but different densities and creating at 
least three different types of dots, which include at 
least two different types of dots that have different 
ink weights and are created by at least one ink 25 
among the at least two different inks, to be created 
on a printing medium, said method comprising the 
steps of: 

(a) inputting tone data of an image to be 30 
printed; 

(b) successively determining on-off state of the 
at least three different types of dots with 
respect to each pixel in a preset sequence, the 
preset sequence comprising a specific order of 35 
ink weight in which the at least two different 
types of dots created by the identical ink are 
consecutively subjected to the determination 

for the on-off state; and 

(c) driving said head based on results of the 40 
determination carried out in said step (b), so as 

to create the respective types of dots, 
wherein said step (b) comprises the steps of: 

(b1) setting a recording ratio regarding 45 
each of the at least three different types of 
dots, based on the tone data; 
(b2) comparing the recording ratio set in 
said step (b1) for a specific dot, which is a 
first object of the determination, with a so 
threshold value read from a dither matrix 
that has been provided in advance and 
determining on-off state of the specific dot 
based on a result of the comparison; and 
(b3) comparing a corrected recording ratio 55 
with the threshold value and determining 
on-off state of another dot, which is a sec- 
ond or subsequent object of the determi- 



nation, based on a result of the 
comparison with respect to pixels in which 
all the dots previously subjected to the 
determination for the on-off state are set in 
the off state, said corrected recording ratio 
being obtained by correcting the recording 
ratio set in said step (bl) for the another 
dot with the recording ratios of all the dots 
previously subjected to the determination 
for the on-off state. 

2. A method in accordance with claim 1 , wherein said 
step (b) successively determines the on-off state of 
the at least three different types of dots in a 
descending order of ink density. 

3. A method in accordance with claim 1 , wherein said 
head enables creation of at least four different types 
of dots, which include dots formed in at least two 
different ink weights respectively by a deep ink hav- 
ing a higher ink density and a light ink having a 
lower ink density, and 

wherein said step (b) first determines the on-off 
state of the dots created by the deep ink in a 
descending order of ink weight and subsequently 
determines the on-off state of the dots created by 
the light ink in a descending order of ink weight. 

4. A method of printing a multi-tone image as a distri- 
bution of dots created with a head, said head han- 
dling at least two different inks that have an 
identical hue but different densities and creating at 
least three different types of dots, which include at 
least two different types of dots that have different 
ink weights and are created by at least one identical 
ink among the at least two different inks, to be cre- 
ated on a printing medium, said method comprising 
the steps of: 

(a) inputting tone data of an image to be 
printed; 

(b) dividing the at least three different types of 
dots according to a preset classification into a 
first group including a plurality of different types 
of dots having higher density evaluation values 
and a second group including at least one type 
of dot having a lower density evaluation value; 

(c) successively determining on-off state of the 
plurality of different types of dots in said first 
group with respect to each pixel in a preset 
sequence, the preset sequence comprising a 
specific order of ink weight in which the at least 
two different types of dots created by the iden- 
tical ink are consecutively subjected to the 
determination for the on-off state; 

(d) determining on-off state of the at least one 
- type of dot in said second group by an error dif- 
fusion method based on correction data, the 
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correction data being obtained by correcting 
the tone data with density errors occurring due 
to the on-off state of the plurality of dots in said 
first group; and 

(e) driving said head based on results of the 5 
determinations carried out in said step (c) and 
said step (d), so as to create the respective 
types of dots. 

wherein said step (c) comprises the steps of: 

10 

(cl) setting a recording ratio regarding 
each ol the plurality of different types of 
dots in said first group, based on the tone 
data; 

(c2) comparing the recording ratio set in is 
said step (c1) for a specific dot, which is a 
first object of the determination, with a 
threshold value read from a dither matrix 
that has been provided in advance and 
determining on-off state of the specific dot 20 
based on a result of the comparison; and 
(c3) comparing a corrected recording ratio 
with the threshold value and determining 
on-off state of another dot, which is a sec- 
ond or subsequent object of the determi- 25 
nation, based on a result of the 
comparison with respect to pixels in which 
all the dots previously subjected to the 
determination for the on-off state are set in 
the off state, said corrected recording ratio 30 
being obtained by correcting the recording 
ratio set in said step (c1) for the another 
dot with the recording ratios of all the dots 
previously subjected to the determination 
for the on-off state. 35 

5. A method in accordance with claim 4, wherein the 
at least one type of dot in said second group is a dot 
having a lowest density evaluation value among the 

at least three different types of dots created with 40 
said head. 

6. A method in accordance with claim 4, wherein said 
step (c) carries out the determination for the on-off 
state of the respective dots with a single dither 45 
matrix, whether or not the respective dots are cre- 
ated by the identical ink. 

7. A method in accordance with claim 4, wherein said 
step (c) further comprises the step of: so 

(cO) providing a new dither matrix, which 
includes threshold values in a different 
arrangement specified for each of the at least 
two different inks, from a dither matrix stored in 55 
advance, and 

wherein said step (c) performs said step (c2) 
and said step (c3) to carry out the determina- 



tion for the on-off state with the dither matrix 
corresponding to each of the at least two differ- 
ent inks, with respect to each dot created by 
the ink. 

8. A method in accordance with claim 4, wherein said 
head enables creation of at least four different types 
of dots, which include dots formed in at least two 
different ink weights respectively by a deep ink hav- 
ing a higher ink density and a tight ink having a 
lower ink density, 

the at least one type of dot having the lower 
density evaluation value is a dot that has a low- 
est density evaluation value and is created by 
the light ink, and 

wherein said step (c) excludes the dot that has 
the lowest density evaluation value and is cre- 
ated by the light ink, first determines the on-off 
state of the dots created by the deep ink in a 
descending order of ink weight, and subse- 
quently determines the on-off state of the dots 
created by the light ink in a descending order of 
ink weight. 

9. A printing apparatus that enables a multi-tone 
image to be printed as a distribution of dots created 
with a head, said head handling at least two differ- 
ent inks that have an identical hue but different den- 
sities and creating at least three different types of 
dots, which include at least two different types of 
dots that have different ink weights and are created 
by at least one ink among the at least two different 
inks, to be created on a printing medium, said print- 
ing apparatus comprising: 

an input unit that inputs tone data of an image 
to be printed; 

a dither determination unit that successively 
determines on-off state of the at least three dif- 
ferent types of dots with respect to each pixel in 
a preset sequence, the preset sequence com- 
prising a specific order of ink weight in which 
the at least two different types of dots created 
by the identical ink are consecutively subjected 
to the determination for the on-off state; and 
a dot creation unit that drives said head based 
on results of the determination carried out by 
said dither determination unit, so as to create 
the respective types of dots, 
wherein said dither determination unit com- 
prises: 

a memory unit in which a relationship between 
tone data and a recording ratio regarding each 
of the at least three different types of dots is 
stored; 

a setting unit that refers to said memory unit 
and sets the recording ratio of each of the at 
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least three different types of dots correspond- 
ing to the input tone data; and 
a dot creation determination unit that compares 
a corrected recording ratio of a target dot with a 
threshold value stored in a dither matrix that 
has been provided in advance, said corrected 
recording ratio being obtained by correcting the 
recording ratio of the target dot set by said set- 
ting unit with the recording ratios of all the dots 
previously subjected to the determination for 
the on-off state, said dot creation determination 
unit then determining on-off state of the target 
dot with respect to pixels in which all the dots 
previously subjected to the determination for 
the on-off state are set in the off state, based 
on a result of the comparison. 

10. A printing apparatus in accordance with claim 9, 
wherein said dither determination unit successively 
determines the on-off state of the at least three dif- 
ferent types of dots in a descending order of ink 
density. 

11. A printing apparatus in accordance with claim 9, 
wherein said head enables creation of at least four 
different types of dots, which include dots formed in 
at least two different ink weights respectively by a 
deep ink having a higher ink density and a light ink 
having a lower ink density, and 

wherein said dither determination unit first deter- 
mines the on-off state of the dots created by the 
deep ink in a descending order of ink weight and 
subsequently determines the on-off state of the 
dots created by the light ink in a descending order 
of ink weight. 



12. A printing apparatus that enables a multi-tone 
image to be printed as a distribution of dots created 
with a head, said head handling at least two differ- 
ent inks that have an identical hue but different den- 
sities and creating at least three different types of 
dots, which include at least two different types of 
dots that have different ink weights and are created 
by at least one ink among the at least two different 
inks, to be created on a printing medium, said print- 
ing apparatus comprising: 

a storage unit that stores divisions, which are 
obtained by dividing the at least three different 
types of dots according to a preset classifica- 
tion into a plurality of different types of dots 
having higher density evaluation values and at 
least one type of dot having a lower density 
evaluation value; 

an input unit that inputs tone data of an image 
to be printed; 

a dither determination unit that successively 
determines on-off state of the plurality of differ- 



10 



20 



ent types of dots having the higher density 
evaluation values with respect to each pixel in a 
preset sequence, the preset sequence com- 
prising a specific order of ink weight in which 
the at least two different types of dots created 
by the identical ink are consecutively subjected 
to the determination for the on-off state; 
an error diffusion determination unit that deter- 
mines on-off state of the at least one type of dot 
having the lower density evaluation value by an 
error diffusion method based on correction 
data, the correction data being obtained by cor- 
recting the tone data with density errors occur- 
ring due to the on-off state of the plurality of 
dots having the higher density evaluation val- 
ues; and 

a dot creation unit that drives said head based 
on results of the determinations carried out by 
said dither determination unit and said error dif- 
fusion determination unit, so as to create the 
respective types of dots, 
wherein said dither determination unit com- 
prises: 

a memory unit in which a relationship between 
tone data and a recording ratio regarding each 
of the plurality of different types of dots having 
the higher density evaluation values is stored; 
a setting unit that refers to said memory unit 
and sets the recording ratio of each of the plu- 
rality of different types of dots having the higher 
density evaluation values corresponding to the 
input tone data; and 

a dot creation determination unit that compares 
a corrected recording ratio of a target dot with a 
threshold value stored in a dither matrix that 
has been provided in advance, said corrected 
recording ratio being obtained by correcting the 
recording ratio of the target dot set by said set- 
ting unit with the recording ratios of all the dots 
previously subjected to the determination for 
the on-off state, said dot creation determination 
unit then determining on-off state of the target 
dot with respect to pixels in which all the dots 
previously subjected to the determination for 
the on-off state are set in the off state, based 
on a result of the comparison. 

A printing apparatus in accordance with claim 12, 
wherein the at least one type of dot having the 
lower density evaluation value is a dot having a low- 
est density evaluation value among the at least 
three different types of dots created with said head. 

14. A printing apparatus in accordance with claim 12, 
55 wherein said dither determination unit carries out 
the determination for the on-off state of the respec- 
tive dots with a single dither matrix, whether or not 
the respective dots are created by the identical ink. 
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15. A printing apparatus in accordance with claim 12, 
wherein said dither determination unit further com- 
prises: 

a dither matrix generation unit that provides a 
new dither matrix, which includes threshold val- 
ues in a different arrangement specified for 
each of the at least two different inks, from a 
dither matrix stored in advance; and 
a decision unit that carries out the determina- 
tion for the on -off state with the dither matrix 
corresponding to each of the at least two differ- 
ent inks, with respect to each dot created by 
the ink. 

16. A printing apparatus in accordance with claim 12, 
wherein said head enables creation of at least four 
different types of dots, which include dots formed in 
at least two different ink weights respectively by a 
deep ink having a higher ink density and a light ink 
having a lower ink density, 



setting a recording ratio regarding each of the 
at least three different types of dots, based on 
tone data of an original image; 
comparing the recording ratio of a specific dot, 

5 which is a first object of the determination, with 

a threshold value read from a dither matrix that 
has been provided in advance and determining 
on-off state of the specific dot based on a result 
of the comparison; and 

w comparing a corrected recording ratio with the 

threshold value and determining on-off state of 
another dot, which is a second or subsequent 
object of the determination, based on a result 
of the comparison with respect to pixels in 

15 which all the dots previously subjected to the 

determination for the on-off state are set in the 
off state, said corrected recording ratio being 
obtained by correcting the recording ratio of the 
another dot with the recording ratios of all the 

20 dots previously subjected to the determination 

for the on-off state. 



the at least one type of dot having the lower 
density evaluation value is a dot that has a low- 
est density evaluation value and is created by 25 
the light ink, and 

wherein said dither determination unit excludes 
the dot that has the lowest density evaluation 
value and is created by the light ink, first deter- 
mines the on-off state of the dots created by 30 
the deep ink in a descending order of ink 
weight, and subsequently determines the on- 
off state of the dots created by the light ink in a 
descending order of ink weight. 

35 

17. A recording medium in which a program for ena- 
bling a multi-tone image to be printed by a printing 
apparatus is recorded in a computer readable man- 
ner, said printing apparatus comprising at least two 
different inks that have an identical hue but different 40 
densities and creating at least three different types 
of dots, which include at least two different types of 
dots that have different ink weights and are created 
by at least one ink among the at least two different 
inks, to be created on a printing medium, 45 

said program comprising: 
a program code that causes a computer to suc- 
cessively determine on-off state of the at least 
three different types of dots with respect to so 
each pixel in a preset sequence, the preset 
sequence comprising a specific order of ink 
weight in which the at least two different types 
of dots created by the identical ink are consec- 
utively subjected to the determination for the ss 
on-off state, 

said program code causing the computer to 
actualize the functions of: 



18. A recording medium in accordance with claim 17, 
wherein said program code causes the computer to 
successively determine the on-off state of the at 
least three different types of dots in a descending 
order of ink density. 

19. A recording medium in accordance with claim 17, 
wherein said printing apparatus enables creation of 
at least four different types of dots, which include 
dots formed in at least two different ink weights 
respectively by a deep ink having a higher ink den- 
sity and a light ink having a lower ink density, and 
wherein said program code causes the computer to 
first determine the on-off state of the dots created 
by the deep ink in a descending order of ink weight 
and subsequently determine the on-off state of the 
dots created by the light ink in a descending order 
of ink weight. 

20. A recording medium in which a program for ena- 
bling a multi-tone image to be printed by a printing 
apparatus is recorded in a computer readable man- 
ner, said printing apparatus comprising at least two 
different inks that have an identical hue but different 
densities and creating at least three different types 
of dots, which include at least two different types of 
dots that have different ink weights and are created 
by at least one ink among the at least two different 
inks, to be created on a printing medium, 

said program comprising: 
a first program code that causes a computer to 
divide the at least three different types of dots 
according to a preset classification into a plu- 
rality of different types of dots having higher 
density evaluation values and at least one type 
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of dot having a lower density evaluation value; 
a second program code that causes the com- 
puter to successively determine on-off state of 
the plurality of different types of dots having the 
higher density evaluation values with respect to s 
each pixel in a preset sequence, the preset 
sequence comprising a specific order of ink 
weight in which the at least two different types 
of dots created by the identical ink are consec- 
utively subjected to the determination for the 10 
on-off state; and 

a third program code that causes the computer 
to determine on-off state of the at least one 
type of dot having the lower density evaluation 
value by an error diffusion method based on is 
correction data, the correction data being 
obtained by correcting the tone data with den- 
sity errors occurring due to the on-off state of 
the plurality of dots having the higher density 
evaluation values, 20 
said second program code causing the compu- 
ter to actualise the functions of: 
setting a recording ratio regarding each of the 
plurality of different types of dots having the 
higher density evaluation values, based on 25 
tone data of an original image; 
comparing the recording ratio of a specific dot, 
which is a first object of the determination, with 
a threshold value read from a dither matrix that 
has been provided in advance and determining 30 
on-off state of the specific dot based on a result 
of the comparison; and 

comparing a corrected recording ratio with the 
threshold value and determining on-off state of 
another dot, which is a second or subsequent 35 
object of the determination, based on a result 
of the comparison with respect to pixels in 
which all the dots previously subjected to the 
determination for the onoff state are set in the 
off state, said corrected recording ratio being 40 
obtained by correcting the recording ratio of the 
another dot with the recording ratios of all the 
dots previously subjected to the determination 
for the on-off state. 

45 

21 . A recording medium in accordance with claim 20, 
wherein the at least one type of dot having the 
lower density evaluation value is a dot having a low- 
est density evaluation value among the at least 
three different types of dots created by said printing so 
apparatus. 



23. A recording medium in accordance with claim 20, 
wherein said second program code further causes 
the computer to actualize the functions of: 

providing a new dither matrix, which includes 
threshold values in a different arrangement 
specified for each of the at least two different 
inks, from a dither matrix stored in advance; 
and 

carrying out the determination for the on-off 
state with the dither matrix corresponding to 
each of the at least two different inks, with 
respect to each dot created by the ink. 

24. A recording medium in accordance with claim 20, 
wherein said printing apparatus enables creation of 
at least four different types of dots, which include 
dots formed in at least two different ink weights 
respectively by a deep ink having a higher ink den- 
sity and a light ink having a lower ink density, 

the at least one type of dot having the lower 
density evaluation value is a dot that has a low- 
est density evaluation value and is created by 
the light ink, and 

wherein said second program code causes the 
computer to exclude the dot that has the lowest 
density evaluation value and is created by the 
light ink, first determine the on-off state of the 
dots created by the deep ink in a descending 
order of ink weight, and subsequently deter- 
mine the on-off state of the dots created by the 
light ink in a descending order of ink weight. 



22. A recording medium in accordance with claim 20, 
wherein said second program code causes the 
computer to carry out the determination for the on- ss 
off state of the respective dots with a single dither 
matrix, whether or not the respective dots are cre- 
ated by the identical ink. 
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(54) Printing method, printing apparatus, and recording medium 



(57) In a printing apparatus that enables at least 
three different types of dots to be created in different ink 
weights by at least two different inks having an identical 
hue but different densities, the halftone processing is 
carried out in an appropriate sequence and according 
to an appropriate technique, which are determined by 
taking into account both the dispersibility of dots and the 
processing speed. The method of the present invention 
determines the on-off state of six different types of dots, 
which have different ink densities and ink weights, in the 
sequence of the large deep dot, the medium deep dot, 
the small deep dot, the large light dot, the medium light 
dot, and the small light dot. The dots created by an iden- 
tical ink are subjected to the determination for the on-off 
state in a consecutive manner. A dither method that uti- 
lizes the recording ratio set for each type of dot accord- 
ing to the tone data is adopted in the determination for 
the on-off state of the dot. The method determines the 
on-off state of a target dot, based on a corrected record- 
ing ratio. The corrected recording ratio is obtained by 
adding the recording ratios of all the dots previously sub- 
jected to the determination for the on-off state to the re- 
cording ratio of the target dot. 
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